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(57) Certains derives d*az^tidine«2-one disubstitu6e en 
3,4 exercent une excellente inhibition de cysteine 
proteinase, et on peut les utiliser pour le traitement de 
differentes maladies, a savoir par exemple: myopathic 
musculaire progressive, infarctus du myocarde, 
resorption osseuse, arthrite, metastases cancereuses, 
emphys^me pulmonaire, choc septique, ischemic 
cerebrale, fonction mnesique, maladie d'Alzheimer et 
cataracte, paludisme, degradation de la membrane basale 
des capillaires du glomerule renal, infection bacterienne, 
maladies inflammatoires, maladies parasitaires, et 
infections virales. On decrit les derives susmentionnes, 
representes par la formule (I), dans laquelle R j , R2 et 

sont tels que definis, ou bien un scl pharmaceutiqucment 
acceptable de ccs derives. 



(57) The present invention is based on the discovery that 
certain 3,4-disubstituted-azetidin-2-one derivatives 
exhibit excellent cysteine proteinase inhibitory activity 
which can be used for treatment of different diseases 
such as muscular dystrophy, myocardial infarction, bone 
resorption, arthritis, cancer metastatis, pulmonary 
emphysema, septic shock, cerebral ischemia, memory 
function, Alzheimer and cataract, malaria, glomerular 
basement membrane degradation, bacterial infection, 
inflammatory diseases, parasitic infections, and viral 
infections. In accordance with the present invention, 
there is provided a 3,4Klisubstituted-azetidin-2-one 
derivatives of formula (I), wherein Rp R2 R3 ^^e as 

defined herein, or a pharmaceutically acceptable salt 
thereof. 
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(54) Title: 3,4-DISUBSTrrUTED AZETIDIN-2-0NE DERIVATIVES USEFUL AS CYSTEINE PROTEINASE REGULATORS 

The present invention is based on the discovery that certain 3,4-disubstiluied-areUdin- | " j n\ 

2-one derivatives exhibit excellent cysteine proteinase inhibitoiy activity which can be 1 Jy 

used for treatment of different diseases such as muscular dystrophy, myocardial infarction, ^ *^ ^ 

bone resorption, arthritis, cancer metastatis. pulmonary emphysema, sepdc shocks cerebral O R| 

ischemia, memory function, Alzheimer and cataract, malaria, glomerular basement membrane 

degradation, bacterial infection, inflammatory diseases, parasitic infections, and viral infections. In accordance widi the present invention, 
there is provided a 3.4-disubstiluted-azctidin-2-one derivatives of formula (I), wherein R|, R2 and Ra are as defined herein, or a 
pharmaceutically acceptable salt thereof. 
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3,4-Disubstitutecl Az6ticiin-2-one Derivatives Useful 
as Cysteine Proteinase Regulators 



This application claims priority of United States Provisional patent 
application Serial Number 60/026,516, filed September 23, 1996. 
5 Baekoround of the Invention 

Cysteine proteinases containing a highly reactive cysteine residue with 
a free thiol group at the active site have been known as playing an important 
role in certain conditions distinguished by aberrant protein turnover such as: 
muscular dystrophy (Am. J. Pathol. 1986, 122. 193-198; Am. J. Pathol. 

10 1987, 121, 461-466), myocardial infarction (J. Am. Coll. Cardiol. 1983. 2, 
681-688). bone resorption (Biochem. J. 1991, 2ZS. 167-274; J. Biol. Chem. 
1996, 2Z1 2126-2132; and Biochem. Biophys. Acta 1992. lilfi. 57-66), 
arthritis (Arthritis Rheumatism 1994, 37, 236-247; and Biochem. Pharmacol. 
1992, M. 1201-1207), cancer metastasis (Cancer Metastasis Rev. 1990, 2. 

15 333-352), pulmonary emphysema (Am. Rev. Resplr. Dis. 1975. Ill, 579-586), 
septic shock (Immunol. Today 1991, 11. 404-410, Biochemistry 1994, 22, 
3934-3940). cerebral ischemia, memory function, Alzheimer and cataract 
(TIPS 1994. 15, 412-419, Bioorg. Med. Chem. Lett. 1995. 4. 387-392. Proc. 
Natl. Acad. Sci. USA 1991, fig, 1 0998-1 1 002), malaria (J. Med. Chem. 1995. 

20 2S. 5031-5037), glomerular basement membrane degradation (Biochem. 
Bioph. Acta 1989. 22Q. 246-251), bacterial infection (Nature 1989. 2SZ. 385- 
386), inflammatory diseases (Protein Science 1995, ± 3-12), parasitic 
infections (Annu. Rev. Microbiol. 1993. ^, 821-853; Parasitol. Today 1990, 
6. 270-275). and viral infections (Biochem. 1992. 21, 7862-7869). 

25 A variety of cysteine proteinase have been shown to be present in 

mammalian tissue. The most notable of these proteinase are the lysosomal 
cathepsins (cathepsin B, H, S, K and L) and the cytoplasmic Ca^"^ dependent 
enzymes, the calpains. These enzymes are, therefore, excellent targets for 
the development of specific inhibitors as possible therapeutic agents. 

30 Cysteine proteinase are inhibited by several types of peptide derived 

inhibitors such as peptidyl aldehyde (Eur. J. Biochem. 1982, 12E 33-41), 
chloromethyl ketone (Acta. Biol. Med. Ger. 1981, ^ 1503-1511), diazomethyl 
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ketone (Biochemistry 1977.1g, 5857-5861), monofluoromethyl ketone 
(Biochemical Phannacology 1992 M» 1201-1207), acyloxy methyl ketone (J. 
Med. Chem. 1994, SL 1833-1840), 0-acyl hydroxamates (Biochem. Biophy. 
Research Communications 1988, 1^ 1201-1206), methyl sulphonium salts 
(J. Biol. Chem. 1988, 263, 2768-2772) and epoxy succinyl derivatives (Agric. 
BtoL Chem. 1978, 42. 523-527) without significantly inhibiting other classes 
of proteinases. 

Unfortunately, the effectiveness in vivo of such compounds is not as 
much as expected on the basis of in vitro inhibitory activity, and there exits a 
continuing need to develop new cysteine proteinase inhibitors with high 
selectivity and lower toxicity. 



Peptidyl-CO-Y 

Y = H, CHjCI, CHN2, CHjF, 
CHjOCOAr, NHOCOR, 
CH2S-(CH2 )2 



HOOC 



H 



H O ^CO-Peptidyl 



Epoxysuccinyl derivative 



R3-NH 



O "^R 
I 



1 



Our laboratory has been actively involved in search of novel types of 
15 cysteine proteinase inhibitors with high selectivity among cysteine proteinase 
class of enzymes. We have found that a novel class of compounds having 
natural peptidyt group at C-3 of reactive group 3-amino-4-substituted azetidin- 
2-one, represented by formula I, exhibit an excellent cysteine proteinase 
regulatory (e.g., inhibitory) activity and selectivity among cysteine proteinases, 
20 which is reported in US patent application no.08/41 5,055. 
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In accordance with the present invention, there are provided 3,4- 
disubstituted azetidin-2-one derivatives which exhibit excellent cysteine 
proteinase regulatory activity and which can be used for treatment of different 
5 diseases such as muscular dystrophy, myocardial infarction, bone resorption, 
arthritis, cancer metastasis , pulmonary emphysema, septic shock, cerebral 
ischemia, memory function, Alzheimer and cataract, malaria, glomerular 
basement membrane degradation, bacterial infection, inflammatory diseases, 
parasitic infections, and viral infections. 
10 In accordance with the present invention, there are provided 3,4- 

disubstituted azetidin-2-one derivatives of formula I and pharmaceutically 
acceptable salts thereof: 



25 



R,-NH 



0 "^R, 



wherein 
15 is 

hydrogen; or 

-SOS'M'*' wherein M is a hydrogen atom, a metal ion which is 
selected from sodium, potassium, magnesium, and calcium, or N''(R4)4 
wherein R4 is a C^-Cq alky I group. 
20 Rjis 

(a) a group -OCOR5 wherein R5 is 

i) a C^-Cg alky! group, 

ii) a 62*05 alkenyl group, 

iii) a C2-C5 alkynyl group, 

iv) a C3-C5 cycloalkyi group, 

v) a phenyl group, 

vi) a naphthyl group, or 

vii) a monocyclic or bicyclic heterocyclic group, 
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Which group (i), (ii). (iii), (iv), (v). (vi). or (vii) is 
unsubstituted or substituted by 1, 2 or 3 
substituents independently selected from 
hydroxy, 

5 halogen. 

carboxy, 

C1-C4 alkyi (which is unsubstituted or 
substituted at least once with carboxy and/or amino), 

C<|-C2 alkoxy, 
0 amino, 

cyano, and 

phenyl and monocyclic or bicycllc 
heterocyclic groups, which phenyl and heterocyclic groups are unsubstituted 
or substituted by 1 or 2 substituents independently selected from 
5 hydroxy, 

halogen, 
carboxy, 
C1-C4 alkyI, 
C1-C2 alkoxy, 

0 amino, and 

cyano; 

or (b) a group -XR5 wherein X is selected from the group 
consisting of 0. S. SO. and SO2, and R5 is as defined above; 

R3 is selected from the group consisting of D- or L-phenyl glycine. D- 

;5 or L-t-butyl alanine, D- or L-homophenyl alanine. D- or L-pyridyl alanine, D- 
or L-thienyl alanine. D- or L-naphthyl alanine, D- or L-methoxy phenyl alanine. 
D- or L-halo phenyl alanine, D- or L-e-nitro arginine, D- or L-citrulline, D- or 
L-2-indoline carboxylic acid. D- or L-cycloalkyi glycine (e.g., cyclopentyl 
glycine), D- or L-4-hydroxy-3-nitro-phenylalanine, D- or L-4-amino-3,5-diiodo- 

( 0 phenylalanine, D- or L-4-hydroxy-3,5-diiodo-phenylalanine, D- or L-4-hydroxy- 
3.5-dibromo-phenylalanine, D- or L-P-(3-benzothienyl)-alanine. D- or L- 
3.4{methylenedioxy)phenylalanine, D- or L-3.4(ethylenedloxy)phenylalanine, 
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D- or L-4,4'-biphenylalanine, D- or L-3,4-dichlorophenylalanine, D- or L-4- 
iodophenylatanine. D- or L-4-nitrophenytalanine, D- or L- 
pentafluorophenyialanine, D- or L-4-thiazoiylalantne, D- or L-3- 
trrfluoromethylphenylalanine, D- or L-4-trifluoromethylphenylalanine, D- or L- 
5 3-sulfamoyl-alanine, D- or L-t-butyloxy alanine, D- or L-l-t- 
butyioxymethyiaiantne. D- or L-trimethylalanine. D- or 
diisopropylo)7phenyialanine, 0- or L-propyi alanine, and D- or L-ethyl alanine, 
in which the NH2 of any of the above groups is unsubstituted or substituted 
once or twice with R7 wherein R7 is -COOR5, -COR5. -SO2R5, or -COR14 

10 wherein R5 Is as defined above and R^4 is amino group which is 
unsubstituted or substituted at least once with C^-Cg alkyi group which is 
unsubstituted or substituted at least once with 1 or 2 substitutents selected 
from hydroxy, halogen, cyano, amino, heterocycle, and phenyl (wherein the 
heterocycle or phenyl is unsubstituted or substituted at least once by 1 or 2 

15 substituents selected from halogen, hydroxy, cyano, carboxy and amino). 

In a preferred aspect of the present invention, there are provided 3,4- 
disubstituted azetidin-2-one derivatives of formula I and pharmaceuticaily 
acceptable salts thereof: * 



20 wherein 

R^is 

hydrogen; or 

-S031VI* wherein M is a hydrogen atom, a metal ion which is 
selected from sodium, potassium, magnesium, and calcium, or N*(R4)4 
25 wherein R4 is a C^-Cg alkyI group. 



unsubstituted or substituted at least once by 1 or 2 substitutents selected from 




R2 is 



-OCOR5 wherein R5 is (i) a C^-Cg alkyI group which is 



1 



( ( 
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hydroxy, hatagen, and amino, or (ii) a phenyl group which is unsubstituted or 
substituted at least once by 1-3 substituents selected from hydroxy; halogen, 
C^-C4 alkyl group, C^-C2 aikoxy group, and cyano; or 

-XRq wherein X is 0, S, SO.or SOj; is (i) a C^-Cg alkyl group 
5 which is unsubstituted or substituted at least once by 1 or 2 substitutents 
selected from hydroxy, halogen, amino and phenyl (ii) a C3-C6 cydoalkyl 
group, (iii) a phenyl group which is unsubstituted or substituted at least once 
by 1-3 substituents selected from hydroxy, halogen, carboxy, C1-C4 alkyl 
group (which is unsubstituted or substituted with carboxy, amino or both), C^- 
10 C2 aikoxy group, cyano and heterocycle group, or (iv) naphthyl group which 
is unsubstituted or substituted at least once by 1 -3 substituents selected from 
hydroxy, halogen, carboxy, C^-C^ alkyl group (which is unsubstituted or 
substituted at least once with carboxy. amino or both), C^-Cj aikoxy group and 
cyano; 

15 R3 is selected from a-amino acid residues of a-amino acids, the NHj 

of which Is unsubstituted or substituted once or twice with Ry as defined 
below. The term "amino acid residue" used herein refers to the remaining 
group after the removal of the hydroxy group from a carboxy group of an 
amino acid. According to the present invention, the a-amino acid can be 

20 selected from the group consisting of; D- or L-phenyl glycine, D- or L-t-butyl 
alanine. D- or L-homophenyl alanine, D- or L-pyridyl alanine. D- or L-thienyl 
alanine, D- or L-naphthyl alanine. D- or L-methoxy phenyl alanine. D- or L- 
halo phenyl alanine, D- or L-e-nitro arginine, D- or L-citrulline, D- or L-2- 
indoline carbo)ylic acid, D- or L-cycloalkyI glycine (e.g.. cyclopentyl glycine). 

25 D- or L-4-hydroxy-3-nitro-phenylalanine, D- or L-4-amino-3.5-diiodo- 
phenylalanine, D- or L-4-hydroxy-3,5-diiodo-phenylalanine, D- or L-4-hydroxy- 
3,5-dibromo-phenylalanine. D- or L-P-(3-benzothienyl)-alanine, D- or L- 
3,4(methylenedioxy)phenylalanlne, D- or L-3,4(ethylenedioxy)phenylalanine, 
D- or L-4,4'-biphenylalanine. D- or L-3,4-dichlorophenylalanine. D- or L-4- 

30 iodophenylalanine, D- or L-4-nitrophenylalanine, D- or L- 
pentafluorophenylaianine. D- or L-4-thiazolyl alanine. D- or L-3- 
trifluoromethylphenylalanine. D- or L-4-trifIuoromethylphenylalanine, D- or L- 
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3-sulfamoyl-alanine, D- or L-t-butyloxy alanine, D- or L-1-t- 
butyloxymethylalanine, D- or L-trimethyialanine. 0- or L-3,4- 
diisopropyloxyphenylatannie, D- or L-propyl alanine, and D- or L-ethyl alanine, 
in which the NH2 of any of the above groups is unsubstituted or substituted 
5 once or twice with R7 wherein R7 is 

-COOR3 wherein R3 is a C^-Cg alky! group which is unsubstituted or 
substituted at least once with phenyl group, 
-CORg wherein Rg Is 

(i) a C^-Cg alky! group which is unsubstituted or substituted at 
10 least once by 1 or 2 substitutents selected from hydroxy, halogen, cyano, 
amino, heterocycle, or phenyl (wherein the heterocycle or phenyl is 
unsubstituted or substituted at least once by 1 or 2 substituents selected from 
halogen, hydroxy, cyano. carboxy and amino); (ii) a heterocycle which may be 
mono or bicyclic or (iii) amino group which is unsubstituted or substituted at 
15 least once with C^-Cg alkyi group which Is unsubstituted or substituted at least 
once with 1 or 2 substitutents selected from hydroxy, halogen, cyano. amino, 
heterocycle, and phenyl (wherein the heterocycle or phenyl Is unsubstituted 
or substituted at least once by 1or 2 substituents selected from halogen, 
hydroxy, cyano, carboxy and amino); or 
20 SO2R10 wherein R^q is 

(i) a C,-Cg alkyI group (ii) a C2-C4 alkenyl group which is 
unsubstituted or substituted at least once with heterocycle or phenyl, or (iii) 
a phenyl group which is unsubstituted or substituted at least once by 1 -3 
substituents selected from hydroxy, halogen, carboxy. C-|-C4 alky! group, C^- 
25 C2 alkoxy group and cyano. 

The pharmaceutically acceptable salts of formula I are selected from 
salts of sodium, potassium, magnesium^ calcium, hydrogen chloride, tartaric 
acid, succinic acid, fumaric acid or p-toluenesulfonic acid. 

Examples of C^-Cg alkyI group as substituents in R4, R5. Rg. Rg. Rg, or 
30 R^Q are straight or branched chain alkyI group having 1-6 carbon atoms such 
as methyl, ethyl, propyl, l-methylethyl', butyl, 1-methy {propyl, 2-methylprop-1- 
yl, 2-methylprop-2-yl, pentyl, 3-methylbutyl. hexyl and the like. 
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Examples of halogen atoms as sub^titutents in R5, Rg, Rg, or R-iq are 
fluorine, chlorine, bromine or iodine. 

Examples of C2-Ce alkenyl group as defined in R5 and R^q are alkenyl 
group having 2-4 carbon atoms such as ethenyl, 1-propenyl, 2-propenyl, 1- 
5 butenyl. 3-butenyl and the like. 

Examples of C2-CQ alkynyl group as defined in R5 and R.,q are alkynyl 
group having 2-4 carbon atoms such as ethynyl, 1-propynyl, 2-propynyl. 1- 
butynyl, 3-butynyl and the like. 

Examples of C3-C6 cycloalkyi group as defined in R5 and R5 are 
10 cyclopropyl, cyctobutyl, cyclopentyl, or cyclohexyl. 

As used herein "monocyclic heterocyclic" means a 5- or 6-membered 
aromatic or non-aromatic heterocyclic group containing 1, 2, 3 or 4 
heteroatoms selected from 0, S or N; and "bicyclic heterocyclic" means a 
monocyclic heterocyclic as defined above which is fused to a second 5- or 6- 
15 membered carbocyctic or 5- or 6-memberQd heterocyclic ring. 

Examples of prefen^ed heterocyclic group or substituent as defined In 
R5. Re, R9. or R-,0 include Cj-C^-, mono or bicyclic heterocyclic group which 
may have 1-3 heteroatoms selected from nitrogen, sulphur or oxygen such as 
thiophene, pyridine, 1.2,3-tria2ole, 1,2.4-triazole, quinoline, benzofuran. 
20 benzothiophene, morpholine, thiomorpholine. piperizine, piperidine and the 
like. 

Examples of C^-Cq aikyi group as substituents in R5, Rg. Rg, or R^q are 
methyl, ethyl, propyl, 2-methyl propyl, butyl, 1,1 -dimethyl ethyl and the like. 

Examples of C^-C2 alkoxy group as substituents in R5, Rg, Rg, or R^q 
25 are methoxy or ethoxy. 

The term "amino acid residue" used herein refers to the remaining 
group after the removal of the hydroxy group from a carboxy group of an 
amino acid. 

The azetldinone nucleus carries two asymmetric carbon atoms at 
30 position 3 and 4, and can exist as 4-diastereoisomers. In general, the 
preferred isomer is that in which the hydrogen atoms at C3 and C4 are cis to 
each other for superior inhibitory activity against different cysteine proteinase 
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such as papain, Cathepsin B and Cathepsin L. Such diasterioisomers and 
their racemic mixtures are also included within use of the azetidinone 
derivatives as cystein proteinase inhibitor. 

In accordance with preferred embodiments of the invention, there are 
provided 3,4-disubstituted-a2etidin-2-one derivatives of formula 1. 



is selected from hydrogen, or sulphonic acid; 
R2 is selected from acetoxy, butyloxy, 2-carboxy ethyloxy, 2- 
aminoethyloxy, 2-fluoro ethoxy, cyclopentyloxy, cyclohexyloxy, cyclohexylthio, 
phenoxy, methyl phenoxy, naphthyloxy. morpholino phenyloxy. 2-hydroxy 
ethylthio, phenylthio. phenylsulphonyl. 4-(2-carboxy-2-amino ethyl)-phenoxy. 
4-carboxy phenoxy, 3-carboxy phenoxy, 2-pyridylthio, 4-pyridylthio, benzyloxy 
and the like; 

R3 is selected from 1-benzyloxycarbonyl-2-indoline carboxylic acid, N- 
benzyloxy carbonyl phenyl glycine, N-benzyloxy carbonyl homophenyl 
alanine, N-benzyloxy carbonyl pyridyl alanine, N-benzyloxy carbonyl thienyl 
alanine, N-benzyloxy carbonyl naphthyl alanine, N-benzyloxy carbonyl 
halophenyl alanine, N-benzyloxy carbonyl naphthyl alanine, N-{3-phenyl 
propanoyi) naphthyl alanine, N®-nitro arginine, N-(3-phenyl propanoyi) 
citmlline, N-benzylamino carbonyl naphthyl alanine, N-(2-phenyl-eth-1 -en- 
sulphonyl)-naphthyl alanine. N-benzyloxycarbonyl-t-butyloxyalanine; N- 
benzyloxycarbonyl-t-butyloxymethyl alanine; N-benzyloxycarbonyl-t-butyi 
alanine; N-phenylpropionoyl-t-butyl alanine; N-phenylpropionoyl-trimethyl 
alanine; N-phenylpropionoyl-(3, 4-dimethoxyphenyl) alanine; N- 
phenylproplonoyl-(3,4-ethylenedioxyphenyl) alanine; N-benzyloxycarbonyl-3- 
benzothienyl alanine; N-benzyloxycarbonyl-(4,4*-biphenyl) alanine; N- 




Wherein: 



( ( 
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ben2yloxycarbonyl-(2-chlorophenyl)alanine; N-benzyloxycarbonyl-(4- 
chlorophenyl)alanine; N-ben2yloxycarbonyK3,4-dichloro)-phenylalanine; N- 
benzyioxycarbonyKdiphenyl) alanine; N-benzyloxycarbonyl-(2-fiuoro) 
phenylalanine; N-benzyloxycarbonyl-(4-f luoro-phenyl ) alanine; 
benzyloxycarbonyl-(3,4-difluoro-phenyl) alanine; N-benzyloxycarbonyK4- 
iodo-phenyl) alanine; N-benzyloxycarbonyl-2-(naphthyl) alanine; N- 
benzyloxycarbonyl-(4-nitro-phenyl) alanine; N-benzyloxycarbonyl- 
(pentafluorophenyl) alanine; N-benzyloxycarbonyl-(4-thiazotyl) alanine; N- 
benzyloxycarbonyl-3-(trifluoromethylphenyl) alanine; N-benzyloxycarbonyM- 
(trifluoromethylphenyl) alanine; N-benzyloxycarbonyl-(3-sulfamoyl) alanine; 
N-phenylpropionoyl-(3,4-methylenedioxyphenyl) alanine; N-phenylpropionoyl- 
(3.4-diisopropyloxyphenyl) alanine; N-benzyloxycarbonyl-propyl alanine; and 
N-benzyloxycarbonyl-ethyl alanine. 

More specifically, the most preferred embodiments of the present 
invention include the following compounds: 

(3S.4S)-3-(1-N-benzyloxycarbonyl-2-indolinecarbonyl)'amino-4 - 

acetoxy-azetidin-2-one; 

(3S,4S)-3-(N-benzyloxycarbonyl-D-phenylglycyl)-amino-4-acetoxy- 

azetidin-2-one; 

(3S.4S)-3-(N-benzyloxycarbonyl-DL-phenylglycyl)-amino-4-acetoxy- 
a2etidin-2-one; 

(3S,4S)-3-(N-ben2yloxycarbonyl-L-homophenylalanyl)-amino-4 - 

acetoxy-azetidin-2-one; 

(3S.4S)-3-{N-benzyloxycarbonyl-p-(3-pyridyl)-L-alanyl}-amino-4 - 

acetoxy-azetidirv2-one; 

(3S,4S)-3-{N-benzyloxycarbonyl-(3-{2-pyridyl)-L-alanyl}-amino-4 - 

acetoxy-azetidin-2-one; 

(3S.4S)-3-{N-benzyloxycarbonyl-3-(2-thienyl)-DL-alanyl}-amino-4- 

aceloxy-azetidin-2-one; 

(3S.4S)-3-{N-benzyloxycarbonyl-p-(2-naphthyl)-L-alanyl}-amino-4- 

acetoxy-azetidin-2-one; 

(3S,4S)-3-{N-benzyloxycarbonyl-p-(3-fluorophenyl)-L-alanyl}-amino-4- 
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acetoxy-azetidin-2-one; 

(3S.4S)-3-{N4)enzyloxycarbonyl-P-(4wTiethoxypheny 

4-acetoxy-azeticiin-2-one; 

(3S,4S)-3-{N-ben2yloxycarbonyl-p-(2-naphthyl)-L-alanyl}-amino-4- 

phenoxy-azetidin-2-one; 

(3S.4S)-3^N-ben2yloxycarbonyl-P-(2-naphthyl)-L-alanyl}-amino-4-(3- 

methyl phenoxy)-azetidin-2-one; 

(3S.4R)-3-{N4)enzyloxycarbonyl-P-(2-naphthyl)-L-alanyl}-amino-4^ 

methyl phenoxy)-azetidin-2-one; 

(3S,4S>3-{N-benzyloxycarbonyl-(3-(2-naphthyl)-L-alanyl}-amino-4-{2- 

naphthoxy)-a2etidin-2-one; 

{3S.4R)-3-{N-benzyloxycarbonyl-3-(2-naphthyl)-L-alanyl}-amino-4-{2- 

naphthoxy)-azetidin-2-one; 

(3S,4S)-3-{N-benzyloxycarbonyl-3-(2-naphthyl)-L-alanyl}-amino-4-{3- 

(morpholin-4-yl)-phenoxy}-azetidin-2-one; 

(3S,4R)-3-{N-benzyloxycarbonyl-p-{2-naphthyl)-L-alanyl}-amino-4-{3- 

(morpholin-4-yl)-phenoxy}-azetidln-2-one; 

(3S,4SR)-3-{N-(3-phenylpropionoyl)-P-(2-naphthyI)-L-alanyl}-amino-4- 

phenylthio-azetidin-2-one; 

(3S,4SR)-3-{N-(3-phenylpropionoyl)-p-(2-naphthyl)-L-alanyl}-amino-4- 

phenylsuiphonyl-azetidin-2-one; 

(3S,4SR)-3-[N-(3-phenylpropionoyl)-P-(2-naphthyl)-L-alanyl}-amino-4- 

(2-hydroxy ethyl thio)-azetidin-2-one; 

{3S,4SR)-3-{N-(3-phenylpropionoyl)-p-(2-naphthyl)-L-alanyl^amino-4- 

benzyloxy-azetjdin-2-one: 

(3S,4SR)-3-{N-(3i3henylpropionoyl)-P-(2-naphthyl)-L-alanyl}-amino-4- 

cyciohexyioxy-azetidin-2-one; 

(3S,4S)-3-{N-(trans-2-phenyl-eth-1-enesulfonyl)-P-(2-naphthyl)- 

L-alanyl}-amino-4-acetoxy-aze(idin-2-one; 

(3S,4SR)-3-{N-(3-phenylpropionoyl)-|5-{2-naphthyl)-L-alanyl}- 
amino-4-{4-(2S-2-amino-2-carboxyethyl)-phenoxy}-azetidin-2-one; 

(3S,4S)-3-{N-<benzylamlnocarbonyl)-p-{2-naphthyl}-L-alanyl}-amino-4- 
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acetoxy-azetidin-2-one; 

(3S.4SR)-3-{N-(benzylaminocarbonyl)-P-(2-naphthyl)-L-alanyl}- 
amino-4-{4-(2S-2-amino-2-carboxyethyl)-phenoxy}-azetidin-2-one; 

{3S,4S)-3^N-^3i>henylpropionoyl)-L-citrullinyl}-arnino-4- 
ac6toxy-azettdin-2-one; and 

{3S,4S)-3^N-(2-phenyl-eth-1-en-sulphonyI)-p-(2-naphthyl)-L-alanyl}- 
amino-4-acetoxy-a2etidin-2-one; 

(3S.4S)-3-{N^-(3-phenylpropionyl)-N^-nitro-L-arginyl}- 
amino4-acetoxy-azetidin-2-one; 

(3S,4R)-3-(2S-2-benzyloxycarbonylamino-2-t-butyloxymethyl - 

acetamido)-4-phenoxy-azetidin-2'One; 

(3S,4R)-3-[2S-2-benzyloxycarbonylamino-2-(1 -t-butyloxyethyl) - 

acetamido]-4-phenoxy-azetidin-2-one; 

(3S, 4S)-3-(2S-2-benzyloxycarbonylamino-2-t-butylm8thyl-acetamido)- 

4-phenoxy-azetidin-2-one; 

(3S.4S)-3-[2S-2-(3-phenylpropionoyl)amino-24-butylmethyl-acetamido]- 

4-phenoxy-azetidin-2-one; 

{3S.4S)-3-(2S-2-(3-phenylpropionoyl)amino-2-t-butyl-acetamido]-4- 

phenoxy-a2etidin-2-one; 

(3S,4S)-3-[2S-2-(3'PhenylpropionoyI) amino-2-(3, 4-dimethoxyphenyl) 
methyl- acetarnido]-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-3-phenylpropionoyl) amint)-2-(3,4- 
ethylenedioxyphenylmethyi)-acetfmido]-4-phenoxy-azetidin-2-one: 

(3S.4S)-3-I2S-2-benzyloxycarbonylamino-2-(3-benzothienyimethyl)- 

acetamido]-4-phenoxy-azetidin-2-one; 

(3S.4S)-3-[2S-2-benzyloxycarbonylamino-2-(4.4'-biphenylmethyl)- 

acetamido]-4-phenoxy-azetidin-2-one; 

(3S, 4S)-3-[2S-2-benzyioxycarbonylamino-2-(2-chloro-phenylmethyl)- 

acetamido]-4-phenoxy-azetidin-2-one; 

(3S, 4S)-3-[2S-2-benzyloxycarbonylamino-2-(4-chloro-phenylmethyl)- 

acetamido]-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-benzyloxycarbonylamino-2-(3,4-dichloro - 
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phenylmethyi)-acetamido]-4-phenoxy-azetidin-2-one; 

{3S,4S)-3-[2S-2-ben2yloxycarbonylamlno-2-(diphenylmethyl) - 
acetamido]-4-phenoxy-azetidin-2-one; 

{3S.4S)-3-[2S-2-benzyloxycarbonylamino-2-(2-fluoro-phenylmethyl)- 
acetamido}-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-benzyloxycarbonylamino-2-(4-fluoro-phenylmethyl)- 
acetamido]-4-phenoxy-azetidin-2-one; 

{3S,4S)-3-[2S-2-ben2yloxycarbonylamino-2-(3,4-difluoro - 
phenylmethyl)-acetamidoH-phenoxy-azetidin-2;-one; 

(3S,4S)-3-[2S-2-benzyloxycarbonylamino-2-(4-iodo-phenylmethyl)- 

acetamido]-4-phenoxy-azetidin-2-one; 

(3S.4S)-3-[2S-2-benzyloxycarbonylamino-2-(naphth-1 -yl)methyl - 

acetamidoH-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-benzyloxycarbonylamino-2-(4-nitro-phenylmethyl)- 

acetamido]-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-benzyloxycarbonylamino-2-(pentafluorophenyl - 

methyl)-acetamido]-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-benzyloxycarbonylamino-2-(4-thiazolylmethyl)- 

acetamjdo]-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-benzyloxycarbonylamino-2-(34rifluoromethylphenyl^ 

methyl)-acetamidol-4-phenoxy-azetidin-2-one; 

(3S.4S)-3-[2S-2-ben2yloxycarbonylamino-2-(3-sulfamoylmethyl) - 

acetamido]-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-I2S-2-(3-phenylpropionoyl) amino-2-(3.4- 
methylenedioxyphenylmethyl)-acetamidoJ-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-(3-phenylpropionoyl) amino-2-(3,4- 
diisopropyloxyphenylmethyl)-acetamidoJ-4-phenoxy-azetidin-2-one; 

(3S.4S)-3-[2S-2-ben2yloxycarbonylamino-2-butyl-acetamido]-4- 

phenoxy-azetidin-2-one; and 

(3S,4S)-3-[2S-2-benzyloxycarbonylamino-2-propyl-acetamido]-4 - 

phenoxy-azetidin-2-one. 

Compounds of formula I may be utilized for different diseases such as 
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muscular dystrophy, myocardial infarction, bone resorption, arthritis, cancer 
metastasis , puimoriary emphysema, septic shock, cerebral ischemia, memory 
function, Alzheimer and cataract, malaria, glomerular basement membrane 
degradation, bacterial infection, inflammatory diseases, parasitic infections, 
5 and viral infections by inhibiting the cysteine proteinase in medicaments 
formulated with pharmaceutically acceptable carriers. 
Description of Preferred Embodiments 

The present invention relates to the certain 3,4-disubstituted-azetidin- 
2-one derivatives having excellent cysteine proteinase inhibitory activity and 

10 selectivity among cysteine proteinase enzymes. The compounds of this 
invention are characterized by having hydrogen, ester (OCOR5), ether (OR5), 
thioether (SR5). SOR5. SO2R5 at position 4 of azetidin-2-one. Certain 
derivatives of formula I were prepared by the common intermediates II by 
reacting with substituted unnatural amino acids either in presence of 

15 dicyclohexylcarbidiimide (DCC) or acid chloride in presence of base, or 
activated ester according to techniques known in the art. 



The preparation of compounds II were carried out by following the 
synthetic route as described in Eur J. Med. Chem 1992, 21, 131-140, and 
20 Tetrahedron 1983. 32. 2577-2589, wherein Rj is OCOR5. and R3 is an amino 
acid residue with a COOR3 substituent. The definitions of R^. R5 and Rg are 
the same as defined above. 

Certain 3,4-disubstituted-azetidin-2-one derivatives of formula I 
wherein substititions at amino acid group are other than COOR5, such as 
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COR5 or SO2R5, were prepared by following the synthetic route as shown in 
the scheme depicted below, wherein "AA" refers to an a-amino acid residue 
as disclosed herein. The R5 groups are the same as defined above. The 
benzyloxycarbonyl substituted unnatural amino acid were desubstituted and 
5 resubstituted through amide bond by reacting with R5-COOH either in 
presence of DCC or acid chloride in presence of base or anhydride in 
presence of base or activated ester, or through suiphonamide bond by 
reacting with R5SO2CI in presence of base or through urea bond by reacting 
with R^^NCO. R11 is a C^-Cq alkyi group which may be substituted with phenyl 
10 or heterocyclic group. 



CBZ-AA-CO -NH ..OAc 




AA-CO -NH 




OAc 



R 




• ▼ 



RsSOj-AA-CO— NH 




OAc 



BsCO-AA-CO - NH 




Certain 3,4-disubstituted-aztidin*2-one derivatives of formula I wherein 
R2 is XR5, wherein X is 0 or S, and Rg is the same as defined above, were 
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prepared by following the synthetic route as shown below starting from 
compound of formula I wherein R2 is OCOCH3 by reacting with R5XH in 
presence of lewis acids such as zinc acetate, zinc iodide, zinc chloride, 
titanium tetrachloride, palladium acetate, boron trifluoride. aluminium 
5 trichloride and the like or in presence of base such as sodium hydroxide, in 
certain cases where carboxy group as substituent in R5 is substituted with R^2 
such as diphenyi methyl or 1,1 -dimethyl ethyl, or amino group as substituent 
In R5 is substituted with R^3 such as benzyloxy carbonyl or 1,1 -dimethyl 
ethoxy carbonyl, or both groups as substituents in R5 together were 
10 desubstituted by hydrogenation or hydrolysis with acids. 




Certain 3,4-disubstituted-azetidin*2-one derivatives of formula I 
wherein R2 is SR5 were converted to SOR5 or SO2R5 by oxidation with 
oxidizing agent selected from m-chloroperbenzoic acid, hydrogen peroxide. 
15 peracetic acid, potassium permanganate, magnese dioxide and the like. The 
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synthetic route is outlined below. 



R3 -HN 




R3-HN 




S— Rj 



O 



I • 



0 



n is 1 or 2 



3,4rDisut)stituted-azetidin-2-one derivatives of formula I wherein is 
hydrogen can be converted to N-sulphonic acid by the suiphonation with 
5 pyridine-SOs or dImethylformamide-SOg complex by following the synthetic 
route as outlined below. 



In the above descriptions, the reactants are reacted together with 
solvent at elevated or low temperatures for suffident time to allow the reaction 

10 to proceed to completion. The reaction conditions will depend upon the nature 
and reactivity of the reactants. Wherever a base is used in a reaction, they 
are selected from triethylamine, pyridine, 4-dimethylaminopyridine. 
diisopropylethylamine, 1 ,5-dia2abicyclo[4,3,0]non-5-ene, 1 ,8- 
diazabicyclo[5,4,0]undec-7-ene, sodium carbonate, potassium carbonate or 

15 cesium carbonate. 

The solvent of choice for the reaction are selected from non reactive 
solvents depending on the reactants such as benzene, toluene, acetonitrile, 
tetrahydrofuran, ethanol, methanol, chloroform, ethyl acetate, methylene 
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chloride, dimethyl formamide, dimethyl sulfoxide, hexamethyl phosphoric 
triamide, or the like. Solvent mixtures may also be utilized. 

Reaction temperatures would generally be in the range of from -70^C 
to 150^C. The preferred molar ratio of reactants are 1 :1 to 5.0. The reaction 
5 time is in the range of from 0.5 to 72 hours, depending on the reactants. 

The desubstitution of N-substituted group is carried out either by 
hydrogenation or by hydrolysis with appropriate acids such as hydrochloric 
acid, trifluoroacetic acid or acetic acid in solvent such as methanol, ethanol, 
propanol or ethyl acetate. The hydrogenation reaction is usually carried out 
10 in the presence of a metal catalyst, such as Pd, Pt, or Rh, under normal 
pressure to high pressure. 

The compounds of this invention, v^en used alone or in combination 
with other drugs as an agent for treating muscular dystrophy, myocardial 
infarction, bone resorption, arthritis, cancer metastasis, pulmonary 
15 emphysema, septic shock, cerebral ischemia, memory function. Alzheimer and 
cataract, malaria, glomerular basement membrane degradation, bacterial 
infection, inflammatory diseases, parasitic infections, and viral infections, in 
mammals including humans, may take pharmaceutical dosage forms including 
parenteral preparations such as injections, suppositories, aerosols and the 
20 like, and oral preparations such as tablets, coated tablets, powders, granules, 
capsules, liquids and the like. Injections are generally preferred. The above 
preparations are formulated in a manner known in the art. 

For the formulation of solid preparations for oral administration, an 
excipient, and if desired, a binder, disintegrator, lubricant, coloring agent, 
25 corrigent, flavor etc. are added to the compound of the invention, and then 
tablets, coated tablets, granules, powders, capsules or the like are prepared 
in a conventional manner. 

For the fonnulation of injections, a pH adjusting agent, buffer, stabilizer, 
isotonic agent, local anesthetic or the like is added to the active ingredient of 
30 the invention, and Injections for subcutaneous, intramuscular or intravenous 
administration can be prepared in the conventional manner. 

For the formulation of suppositories, a base, and if desired, a surfactant 
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are added to the active ingredient of the invention, and the suppositories are 
prepared in a conventional manner. 

The excipients useful for solid preparations for oral administration are 
those generally used in the art, and the useful examples are excipients such 
5 as lactose, sucrose, sodium chloride, starches, calcium carbonate, kaolin, 
crystalline cellulose, methyl cellulose, glycerin, sodium alginate, gum arable 
and the like, binders such as polyvinyl alcohol, polyvinyl ether, polyvinyl 
pyrrolidone, ethyl cellulose, gum arable, schellac, sucrose, vrater, ethanol, 
• propanol, carboxymethyl cellulose, potassium phosphate and the like, 

10 lubricants such as magnesium stearate, talc and the like, and further include 
additives such as usual known coloring agents, disintegrators and the like. 
Examples of bases useful for the formulation of suppositories are oleaginous 
bases such as cacao butter, polyethylene glycol, lanolin, fatty acid 
triglycerides, witepsol (trademark, Dynamite Nobel Co. Ltd.) and the like. 

15 Liquid preparations may be in the form of aqueous or oleaginous suspension, 
solution, syrup, elixir and the like, which can be prepared by a conventional 
way using additives. 

The amount of the compound I of the invention to be incorporated into 
the pharmaceutical composition of the invention varries with the dosage form, 

20 solubility and chemical properties of the compound, administration route, 
administration scheme and the like. Preferably the amount is about 1 to 25 
w/w% in the case of oral preparations, and about 0,1 to about 5 w/w% in the 
case of injections which are parenteral preparations. 

The dosage of the compound I of the invention is suitably determined 

25 depending on the individual cases taking symptoms, age and sex of the 
subject and the like into consideration. Usually the dosage in the case of oral 
administration is about 50 to 1 500 mg per day for an adult in 2 to 4 divided 
doses, and the dosage in the case of Injection, for example, by intravenous 
administration Is 2 ml (about 1 to 100 mg) which is administered once a day 

30 for adults wherein the injection may be diluted with physiological saline or 
glucose injection liquid if so desired, and slowly administered over at least 5 
minutes. The dosage in case of suppositories is about 1 to 1000 mg which is 
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administered once or twice a day at an interval of 6 to 12 hours wherein the 
suppositories are administered by insertion into the rectum. 

Example 1 

f3S.4SU3>f1>N>benzvloxycarbQnvU2-indolinecarb onvn-amino-4 z 
5 acetoxv-azetidin-2>Qne [\\ 

(3S,4S)-3-ben2yloxycarbonylamino-4-acetoxy-azetidin-2-one (278 mg. 
1 mmol) was hydrogenated with 300 mg of 10 % palladium on activated 
carbon in 25 ml of ethyl acetate at 50 psi hydrogen pressure at room 
temperature for 1 .5 hrs. After removal of catalyst by filtration, desubstituted 

10 (3S,4S)-3-amino-4-acetoxy-azetidin-2-one in ethyl acetate was obtained. 

To a solution of 1-ben2yloxycarbonyl-2-indoline carboxylic acid (320 
mg. 1.05 mmol) and triethylamine (106 mg, 1.05 mmol) in chloroform (20 ml), 
ethyl chloroformate (109 mg, 1 mmol) was added at -15 °C. The reaction 
mixture was stirred at a bath temperature of -10 to 5 °C for 1 hr. Then a 

15 precooled solution of (3S,4S)-3-amino-4-acetoxy-azetidin-2-one in ethyl 
acetate was added at -15 and stirring was continued at a bath temperature 
of -15 to 5 °C for 1 hr. After removal of solvent, the residue was dissolved in 
ethyl acetate, washed with' water, brine and dried over sodium sulfate. After 
removal of solvent, the residue was purified by silica gel column 

20 chromatography using hexane-ethyl acetate (1:3) as eluent and the title 
compound was obtained. 
Yield: 71 %. 
m.p.: 196-197 

FAB-MS: 424 (MH*). calcdfor C22H21N3P6 423 
25 NMR (DMSO-dg). 5 (ppm): 2.05 (3H,s), 2.90^.05 (1 Km). 3.45-3.65 (1H. 

m). 4.65 (1H. m). 4.90 (1H. m). 5.17 (2H. s). 5.70 (1H. s), 6.95-7.40 (9H. 
m). 8.95 (1H. d. J=8Hz). 9.20 (1H. s). 

IR(KBr,cm'^): 3300, 1800, 1745, 1716, 1670, 1541. 1485. 1408.1363, 
1275. 1223. 

30 E?(9mple 2 

(3S.4S)-3-fN-benzvloxvcarbonyl-D>phenylQlycvn-amino-4-acetoxv- 
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azetidin-2-one (2) 

To a soulution of N-benzyloxycarbonyl-D-phenylgtycine (285 mg, 1 .0 
mmol) and 1-hydroxybenzotriazole (135 mg, 1 .0 mmol) in THF (20 ml), DCC 
(206 mg. 1 .0 mmoiyTHF (10 ml) was added at 0 X. The reaction mixture was 
5 stirred at room temperature for 2 hrs and then cooled with an ice bath. The 
resulting DCU was removed by filtration. Then a precooled solution of 
(3S.4S)-3^ino-4-acetoxy-azetidin-2-one in ethyl acetate was added at -15 
% and the resulting mixture was stirred at a bath temperature of -1 5 to 5 °C 
for 1 hr and then at room temperature for 4 hrs. After removal of solvent, the 

10 residue was dissolved in ethyl acetate, washed with cold saturated NaHC03 
solution, water, brine and dried over sodium sulfate, after removal of solvent, 
the residue was purified by silica gel column chromatography using hexane- 
ethyl acetate (1 :2) as eluent and the title compound was obtained. 
Yield: 71 %. 

15 m.p.: 181-182 °C 

FAB-MS: 412 (MH*), calcd for Hji NaOg 411 

NMR (DMSO-dg), 6 (ppm): 2.07 (3H, s), 4.61 (1H, d. J=8 Hz), 5.05 (2H. 
s), 5.25 (1H. d, J=8.3 Hz). 5.71 (1H, s), 7.25-7.45 (10H. m), 8.06 (1H, d. 
J=8.3Hz), 8.99(1H. d, J=8Hz). 9.20 (IH.s). 

20 IR (KBr, cm-""): 3375, 1796, 1749, 1721, 1690, 1663, 1530. 1505, 1373, 
1328. 1250, 1228. 

Example 3 

f3S.4S\-3-rN-benzvioxvcarb onvl-DL-DhenvlQlvcvn-amino-4-acetoxv- 

azetidin-2-one (3) 

25 By a similar method as described In example 2, the title compound was 

obtained by reacting N-benzyloxycarbonyl-DL-phenylglycine with (3S.4S)-3- 
amino-4-acetoxy-azetidin-2-one. 
Yield: 50%. 
m.p.: 145-146 "C 

30 FAB-MS: 412 (MH*), calcd for CjiHjiNaOg 411 

^H NMR (DMSO-dg), 5 (ppm): 2.07 (3H, s). 4.66 (1H, d, Js8.4 Hz), 6.05 (2H, 
s). 5.25 (1H, d, J=8.4 Hz). 5.71 (1H, s), 7.25-7.45 (lOH, m), 8.06 (1H, d. 
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J=8.4 Hz). 8.97 {1H, m). 9.21 (1H, s). 

IR (KBr, cm'^): 3375. 1799, 1743. 1688, 1660. 1533. 1372,1324. 1250, 
1226. 

ExamplB 4 

5 (3S.4SV3-fN-benzvlox\/carbonvl-L-hQmophenvlalanvh-amino-4 z 

acetoxv-agetidin-2M3ne {4) 

By a similar method as described in example 1 , the title compound was 
obtained by reacting N-benzyloxycarbonyl-L4iomophenylalanine with (3S,4S)- 
3>amino-4-acetoxy-azetidin-2-one. 
10 Yield: 45%. 

m.p.: 180-181 °C 

FAB-MS: 440 (MH*). calcd for C23H25N3O6 439 

NMR (DMSO-de). 5 (ppm): 1.75-1.95 (2H. m). 2.08 (3H. s). 2.60 {2H. m). 
4.04 (IH. m), 4.65 (1H. d, J=8 Hz). 5.06 (2H. m). 5.76 (1H, s), 7.15-7.40 
15 (10H, m). 7.65 (1H, d, J=8 Hz), 8.70 (IH, d. J=8 Hz). 9.18 (IH, s). 

IR (KBr. cm"^): 3310. 1802. 1748. 1687. 1660. 1555. 1532.1367, 1242. 

Example 5 

f3S.4S^-3-/N-ben2vlQxvc arbonvi-B-/3- pyridvh-L-alanvl}-amino-4 z 
acetoxy-azetidin-2-one (5) 
20 By a similar method as described in example 2, the title compound was 

obtained by reacting N-benzyloxycarbonyl-[3-(3-pyridyl)-L-alanine with 

(3S,4S)-3-amtno-4-acetoxy-azetidin-2-one. 
Yield: 75%. 
m.p.: 186 °C (dec.) 
25 FAB-MS: 427 (MH^), calcd for C21H22N4O6 426 

^H NMR (DMSO-dfi). 6 (ppm): 2.09(3H.s). 2.75-3.15 (2H. m), 4.28(1H. m). 
4.66 (IH, d. J=8.3 Hz), 4.94 (2H. m), 5.75 (IH, s). 7.15-7.40 (6H, m). 7.65- 
7.75 (2H. m). 8.40-8.55 (2H, m). 8.85 (IH. d, J=8 Hz). 9.21 (IH. s). 
IR (KBr, cm-""): 3300, 1792. 1743, 1690. 1662. 1534, 1373. 1227. 

30 Example 6 | 

f3S.4SW3-(N-ben?vloxvcarbonvl-B-f2-pvridvn-L-alanvl\-amino-4 = | 

I 



(' 
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acetoxy-az< 



By a similar method as descrilDed in example 2. the title compound was 
obtained by reacting N-benzyloxycarl)onyl-p-(2i3yridyl)-L-alanine with 
(3S,4S)-3-amino-4-acetoxy-azetidin-2-one. 
5 Yield: 19%. 

mp.: 115-117 °C 

FAB-MS: 427 (MH*). calcd for C21H22N4O6 426 

NMR (CDCI3). 6 (ppm): 2.10 (3H. s). 3.28 (2H, m). 4.70 (2H. m). 5.08 
(2H, s), 5.72 (1H. s). 6.63 (1H. m). 7.10-7.40 (8H, m). 7.55-7.65 (1H. m), 
10 8.35-8.50 (2H, m). 

IR (KBr, cm'^): 3315, 1792. 1741, 1716. 1686, 1655. 1526. 1256, 1222. 

Example 7 

f3S.4S^-3-(N-benzvloxvcarbQnvl-6-f2-th ienvn-DL-aianvh-amino-4- 

acetoxy-a2etidin-2-one (7) 
15 By a similar method as described in example 2, the title compound was 

obtained by reacting N-benzyloxycarbonyl-p-(2-thienyl)-DL-alanine with 
(3S,4S)-3-amino-4-acetoxy-azetidin-2-one. 

Yield: 61 %. 
m.p.: 68-69 '^C 

20 FAB-MS: 432 (MH*). calcd for C20H21 NaOgS 431 

NMR (DMSO-dg). 6 (ppm): 2.09 (3H. s). 2.95-3.30 (2H, m). 4.21 (1H, m), 
4.64 (0.5H, d, J=8 Hz). 4.68 (0.5H, d. J=8 Hz). 5.00 (2H. m). 5.68 (0.5H, s), 
5.75 (a5H. s). 6.85-6.95 (2H. m). 7.25-7.40 (6H, m). 7.68 (0.5H. d, J=8 Hz), 
7.72 (0.5H, d. J=8 Hz). 8.86 (0.5H, d, J=8 Hz), 8.88 (0.5H. d. J=8 Hz). 9.21 

25 (0.5H. s). 9.22 (0.5H, s). 

IR (KBr. cm-^): 3300. 1790. 1747. 1718, 1697. 1670, 1536. 1506, 1225. 

Example 8 

f3S.4S^-3-fN-b6ngvlQXVcarbonvl-B-f2- naDhthvn-L-3ianvn-amino-4- 

acetQxv-azetidin-2-one (8) 
30 By a similar method as described in example 2. the title compound was 

obtained by reacting N-benzyloxycarbonyl-N2-naphthyl)-L-alanine with 
(3S,4S)-3-amino-4-acetoxy-azetidin-2-one. 



(, 
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Yield: 61 %. 
m.p.: 172-1 73 *>C 

FAB-MS: 476 (MH*). calcd for C25H25N3O6 475 

NMR (DMSO-dg). 6 (ppm): 2,07 (3H. s), 2.85-3.25 (2H, m). 4.38 (1H, m), 
5 4.63 (1H, d, J=8 Hz). 4.92 (2H. m). 5.76 (1H, s), 7.05-7.25 (5H, m). 7.40- 
7.55 (3H,m), 7.67 (1H, d, J=8.7 Hz). 7.75-7.95 (4H. m), 8.85 (1H. d, J=8 
Hz). 9.21 (1H,s). 

IR (KBr, cm-^): 3370, 1800, 1773, 1688. 1661. 1527, 1262. 1218. 

Example 9 

10 f3S.4S)-3-fN-benzvloxvcarbonyl-P-(3-fluorophenvn-L-alanyl}-amino-4- 
acetoxv-azetidin-2-one 

By a similar method as described in example 1 , the title compound was 
obtained by reacting N-benzyloxycarbonyl-3-(3-fluorophenyl)-L-alanine with 

(3S,4S)-3-amino-4-acetoxy-azetidln-2-one. 
15 Yield: 52%. 

m.p.: 166-167 "C 

FAB-MS: 444 (MH*). calcd for C22H22FN3O6 443 

NMR (DMSO-dg), 5 (ppm): 2;11 (3H, s), 2.75-3.15 (2H. m). 4.28 (1H, m). 
4.67 (1H, d. J=8Hz). 4.97 (2H. m), 5.78 (1H, s), 7.00-7.40 (9H. m). 7.65 
20 (1H, d, J=8.7 Hz). 8.84 (1H. d, J=8 Hz). 9.22 (IH.s). 

IR (KBr. cm*"'): 3310. 1789. 1747. 1698, 1668. 1528. 1371, 1250, 1225. 

Example 1 0 

r3S.4SV^N-b6nzvlQxvcarb onvl-p-r4-metho xyphenvn-L-aianvl\-amino- 

4-acetoxv-azBtid in-2-one (10) 
25 By a similar method as described in example 1 , the title compound was 

obtained by reacting N-l)enzyiO)^carbonyl-P-(4-methoxyphenyl)-L-alanine with 

(3S,4S)-3-amino-4-acetoxy-azetidin-2-one. 

Yield: 28%. 

m.p.: 112-113 °C 
30 FAB-MS: 456 (MM*), calcd for C23H25N3O6 455 

NMR (CdCIa), 5 (ppm): 2.11 (3H, s), 3.02 (2H, d, J=6.4 Hz), 3.77 (3H, s), 

4.42 (1H,m). 4.59 (1H. d, J=7.3 Hz). 5.06 (2H, s). 5.38 (1H, d. J=7 Hz), 
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5.77 (1H, 5). 6.80 (4H.m), 7.09 (2H, d, J=8.5 Hz), 7.26-7.40 (5H, m). 
IR (KBr, cm-^): 3380. 1811. 1748. 1680, 1524. 1369. 1286, 1245. 

Example 1 1 

^3S4S^-3-fN-benzvloxvcar bonvi-B-f2-naDhthvl>-L-alanvl)-amino-4- 
5 phenQxv-azetidln-2.one m) 

To a solution of phenol (30 mg. 0.32 mmol) in acetone (2 ml) and 1 N 
NaOH (0.25 ml). (3S,4S)-3-{N-l)enzyloxycarbonyl-p-(2-naphthyl)-L-alanyl}- 
amino-4-acetoxy-azetldin-2-one (95 mg, 0.2 mmol) in acetone (1 ml) and THF 
(2 ml) was added at 5 °C. The mixture was stin-ed at 5 °C for 1 hr and then 
10 at room temperature for 1 hr. After removal of solvent, the residue was 
dissolved in ethyl acetate, washed with water, brine and dried over sodium 
sulfate. After removal oi solvent, the residue was purified by silica gel column 
chromatography using ethyl acetate^exane (1:2) as eluent and 45 mg of 
(3S.4S)-3-{N-benzyloxycarbonyl-P-(2-naphthyl)-L-alanyl}-amino-4-phenoxy- 

15 azetidin-2-one was obtained. 
Yield: 44%. 
m.p.: 205-206 "^C 

FAB-MS: 510 (MH*), calcd for C30H27N3O5 509 

NMR (DMSO-dg), 6 (ppm): 2.85-3.30 (2H. m), 4.38 (1H.m). 4.70 (1H,d, 
20 J=8.2 Hz). 4.94 (2H, m). 5.55 (1H, s). 6.85 -7.90 (18H, m). 8.99 (1H, d, 
J=8.3 Hz). 9.34 (1 H. s). 

IR (KBr, cm-^): 3280. 1798.1681. 1654. 1525. 1489. 1351, 1298. 1229. 

Example 12 

f3S.4SW3-^N-benzvloxycarbonvl-B-f2- naphthvh-L-alanvlV-amino-4-r3- 

25 methvl DhenoxvV-azetidin-2-onB n9A\ and r3S 4RV-3-fN-benzvloxvcarbonvl-B- 
f2-naphthvlVL-alanvll-amino-4-/ 3-methvlphenQxv>-azetidin-2-one ( 1 2B^ 

By a similar method as described in example 1 1 , the title compounds 
(12A) and (12B) were obtained by reacting (3S,4S)-3-{N-benzyloxycarbonyl-p- 
(2-naphthyl)-L-alanyl}-amino-4-acetoxy-azetidin-2-one with 3-methylphenol. 
30 For (12A): 
Yield: 29%. 
m.p.: 108.5 -109.5 "C. 
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FAB-MS: 524 (MH*). calcd for Cj^HjgNgOs 523 

NMR (DMSO-dg), 6 (ppm): 2.27 (3H, s), 2.90-3.30 (2H, m). 4.35-4.45 
(1H. m). 4.67 (IH, d, J=8.3 Hz). 4.92 (2H.m). 5.53 (IH.s). 6.69 (2H. m). 
6.84(1H,d, J=7.4H2), 7.10-7.25 (6H, m). 7.40-7.50 (3H. m). 7.70-7.90 (5H, 
5 m). 8.97(1,d. J=8.3H2). 9.32 (1H,s). 

IR (KBr. cm"*'): 3265. 1793. 1682. 1652. 1588. 1526. 1354, 1278,1249. 

For(12B): 

Yield: 16%. 

m.p.: 216-218**C. 
10 FAB-MS: 524 (MH*), calcd for C31H29N3O5 523 

NMR (DMSO-de). 6 (ppm): 2.25 (3H.s). 2.75-3.20 (2H, m), 4.40-4.50 

(1H,m). 4.86 (2H,s). 5.42 (1H. m). 5.73 (1H, d, J=3.8 Hz), 6.70-6.85 (3H. 

m), 7.10-7.25 (6H. m), 7.40-7.60 {4H. m), 7.75-7.90 (4H. m), 8.95 (1H, d, 

J=9.2 Hz), 9.31 (1H, s). 
15 IR(KBr, cm-""): 3285. 1780. 1663. 1588. 1537. 1251. 

Exgnpie 13 

f3S.4SV-3-fN-benzyloxvcarbonvl-B-f2-naphthvn-L-alanyl>-amino-4-f2- 
naDhthoxvWa7etid in-2-one M3A^ and (3S.4RV3-{N-benzvl oxvcarbonvl-B-r2- 
naDhthvh-L-alanvlVamino-4-/2- naDhthoxv\-az etidin-2-one ( 1 3B> 

20 By a similar method as described in example 1 1 , the title compounds 

(13A) and (13B) were obtained by reacting (3S,4S)-3-{N-benzyloxycarbonyl-P- 
(2-naphthyl)-L-alanyi}-amino-4-acetoxy-azetidin-2-one with 2-naphthoi. 
For(13A): 
Yield: 13%. 

25 m.p.: 224 - 225 "C. 

FAB-MS: 560 (MH*), calcd for C34H29N3O5 559 

^H NMR (DMSO-de), 6 (ppm): 3.0-3.4 (2H. m). 4.45-4.55 (1H, m). 4.77 (1H, 
d. J=8.4 Hz). 4.97 (2H, m). 5.71 (1H. S). 7.15-7.30 (7H. m), 7.40-7.60 (5H. 
m). 7.80-7.95 (8H, m), 9.11 (1H. d. J=8.4 Hz). 9.43 (IH.s). 
30 IR(KBr. cm-""): 3305, 1792, 1649. 1535, 1372, 1275. 
For(13B): 
Yield: 13%. 
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m.p.: 109-110*0. 

FAB-MS: 560 (MH*), calcd for C34H29N3O5 559 

NMR (DMSO-dg). 6 (ppm): 2.75-3.10 {2H. m). 4.35-4.50 (1H. m). 4.78 
(2H. m). 5.45-5.55 (1H. m). 5.92 (1H. d. J=3.7 Hz). 7.05-7.60 (13H, m), 
5 7.70-7.90 (7H. m), 9.02 (1 H. d. J=9.0), 9.43 (1 H. s). 

IR (KBr, cm-^): 3290, 1788, 1665, 1529, 1358. 1249. 

Example 14 

(3S4SV3-fN-ben7vloxvcarti o nvl-B42-naDhthvl>-L-alanvl>-aminP-4-{3- 

(morpholin-4-vU-phenoxvVa 7fitidin-2-one (14A^ and (3S , 4R)-3-{N- 

10 benzvloxvcarbonvl-B-(2-naphthvn-L-al anvl}-amino-4-(3-fnnorpholin-4-v|)- 

phenoxv\-azetidin-2-one n4B^ 

By a similar method as described in example 11 . the title compounds 
(14A) and (14B) were ol>tained by reacting (3S.4S}-3-(N-benzyloxycarbonyl-p- 
{2-naphthyl)-L-alanyl}-aminfr4-acetoxy-azetidin-2-one with 3-(morpholin-4-yl)- 

15 phenol. 

For(14A): 
Yield: 15%. 
m.p.: 140 °C (dec.) 

FAB-MS: 595 (MH*). calcd for C34H34N4O6 594 
20 NMR (DMSO-dg), 6 (ppm): 2.90-3.30 (6H. m). 3.70-3.80 (4H, m), 4.35- 

4.50 (1H.m). 4.70(1H.d. J=8.1 Hz). 4.95 (2H. m). 5.57 (IH.s). 6.36 (1H, 

m). 6.44 (IH.s). 6.67 (IH.m). 7.10-7.30 (6H, m). 7.45-7.55 (3H. m). 7.71 

(1H. d. J=8.6 Hz). 7.80-7.95 (4H. m). 9.00 (1H. d. J=8.1 Hz). 9.35 (1H. s). 

IR (KBr. cm-''): 3265. 1791. 1653. 1601. 1528. 1490. 1250. 
25 For(14B): 

Yield: 24%. 

m.p.: 147 °C (dec.) 

FAB-MS: 595 (MH*). calcd for C34H34N4O6 594 

^H NMR (DMSO-de). 6 (ppm): 2.80-3.00 (1H. m). 3.07 (5H. m). 3.68 (4H. m). 
30 4.40-4.60 (1H, m), 4.85 (2H. s). 5.40-5.50 (1H, m). 5.73 (1H. d. J=3.7 Hz). 
6.40-6.55 (2H. m). 6.60^.70 (1H. m), 7.10-7.30 (6H, m). 7.45-7.60 (4H. m). 
7.80-7.95 (4H, m), 8.95 (1H, d. J=9.4). 9.31 (1H. s). 
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IR (KBr. cm-^): 3285, 1780. 1682. 1661, 1593, 1532. 1487 1249. 

Example 1 5 

f3S.4SRV34KM3^henvlproDiQnQvlWB-/ 2-naphthvh-L-alanvl\-amino-4- 
Dhenvlthio-azetidin-2-one ri S) 

5 By a similar method as described in example 1 1 , the title compound 1 5 

was obtained by reacting (3S,4S)-3-{N-(3-phenylpropionoyl)-P-(2-naphthyl)-L- 
alanyl}-amino-4-acetoxy-azetidin-2-one with thiophenol. 
Yield: 67%. 

m.p.: 189-191 °C. 

10 FAB-MS: 524 (MH*), calcd for C31H29N3O3S 523 

NMR (DMSO-dg). 6 (ppm): 2.25-2.40 (2H, m). 2.55-2.70 (2H. m), 2.85- 
3.00 (IH.m). 3.10-3.25 (1H,m), 4.56 (0.5H. m). 4.60-4.70 (0.5H. m). 4.70- 
4.90 (0.5H, m), 4.92 (0.5H, d, J=2.3), 5.28 (0.5H, d, J=4.6 Hz), 5.35-5.45 
(0.5H, m), 6.95-7.20 (5H. m), 7.25-7.50 (8H, m), 7.65-7.90 (4H, m), 8.19 

15 (1H, m), 8.84 (0.5H, d, J=8.3 Hz). 9.02 (0.5H. s), 9.05 (0.5H. s). 9.06 (0.5H. 
d. J=8 Hz). 

IR (KBr, cm'^): 3265, 3035, 1784, 1634, 1524. 1437. 1350, 1259. 1224. 

Example 16 

f3S.4SRV3-fN-/3-Dhen vlDroDionovn-6-r2-naphthvn-L-alanvll-amino-4- 
20 DhenvlsulfQ nvl-a2etidin-2-one 

A mixture of (3S.4SR)-3-{N-(3-phenylpropionoyl)-p-{2-naphthyl)-L- 
alanyl}-amino-4-phenylthio-azetidin-2-one (52 mg, 0.1 mmol) obtained in 
example 15. and KMnO^ (24 mg, 0.15 mmol) in acetic acid (2 ml) and HjO 
(0.5 ml) was stirred at 5 for 1 hr and then room temperature for 1 hr. One 

25 drop of H2O2 (30% aq) was added. The reaction mixture was partitioned 
between ethyl acetate and water, the organic layer was washed with water, 
saturated NaHCOs. ^^^^^ and dried over Na2S04. After removal of the 
solvent, solid was washed with ether and 40 mg of the title compound was 
obtained. 

30 Yield: 72%. 

m.p.: 175''C(dec.) 

FAB-MS: 556 (MH*), calcd for C31H29N3OSS 555 
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NMR (DMSO-dfi). 6 (ppm): 2.25-2.40 (2H, m), 2.55-2.65 (2H. m). 2.80- 
3.00 (1H. m), 3.05-3.25 (1H. m). 4.55-4.70 (0.5H, m), 4.80-4.95 (1.5H. m). 
5.26 (OSH. d. J=4.6 Hz). 5.50-5.60 (0.5H. m), 7.00-7.20 (5H, m), 7.30-7.95 
(12H.m), 8.17(0.5H.d, J=8Hz). 8.22 {0.5H, d. J=8 Hz). 8.93 (1H. d, J=8.8 
5 Hz), 9.36 (0.5H, s), 9.47 (0.5H. s). 

IR (KBr. cm-^): 3275, 1780, 1639, 1519, 1300. 

Example 17 

f3S4.<^R^-3-fN-f3-ohenvlprop ionovlVB-f2-naohthvl^L-atanvl^amino-4- 
(g-hvdroxvethvlthi n^-a7etidin-2-one ( 1 7^ 
10 By a similar method as described in example 1 1 , the title compound 1 7 

was obtained by reacting (3S,4S)-3-{N-{3-phenylpropionoyl)-P-(2-naphthyl)-L- 
alanyl}-amino-4-acetoxy-azetidin-2-one with 2-mercaptoethanol. 

Yield: 26%. 
m.p.: 134- 136 "C. 

15 FAB-MS: 492 (MH*). calcd for C27H29N3O4S 491 

^H NMR (DMSO-dg). 6 (ppm): 2.30-2.40 (2H. m). 2.55-2.70 (4H, m). 2.85- 
3.00 (IN, m). 3.10-3.25 (IN. m), 3.45-3.60 (2H. m). 4.51 (0.6H. m). 5.70- 
5.80 (0.4H. m), 4.60A65 (1H, m), 4.70 (0.6H. d, J=2.3 Hz). 5.00(0.4H, d, 
J=4.5Hz). 7.00-7.20 (5H. m). 7.35-7.50 (3H. m), 7.70-7.90 (4H. m). 8.15- 

20 8.25 (1H,m), 8.70-8.90 (2H, m). 

IR (KBr. cm-1): 3270. 1757. 1636. 1527. 

Example 18 

f3S.4SRV3-fN-/3-phenvlDropionov!>-B-f2-naDhthvn-L-alanvl}-amino -4- 
^en7vlQXY-azetidin-2-Qne (18^ 

25 A mixture of (3S,4S)-3-{N-(3-phenylpropionoyl)-P-(2-naphthyl)-L- 

alanyl}-amino-4-acetoxy-azetidin-2-one (236 mg, 0.5 mmol). benzyl alcohol 
(54 mg, 0.5 mmol), and zinc acetate dihydrate (110 mg, 0.5 mmol) in benzene 
(20 ml) and toluene (20 ml) was refluxed for 5 hrs using Dean-Stark water 
separator. After cooling, the reaction mixture was partitioned between ethyl 

30 acetate, containing a small volume of acetone, and water. The organic layer 
was washed with water, brine and dried over sodium sulfate. After removal 
of solvent, the residue was purified by silica gel column chromatography using 
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hexane^thyl acetate (1:1) as eluent and the title compound was obtained. 
Yield: 23%. 
m.p.: 171-1 72 «C. 

FAB-MS: 522 (MH*), calcd for C32H31 N3O4 521 
5 NMR (CDCI3), 5 (ppm): 2.30-2.50 (2H. m). 2.65-2.85 (2H, m), 3.00-3.35 

(2H, m). 4.40-4.55 {2.5H. m), 4.70-4.85 (1H, m), 5.01 (0.5H, s). 5.12 (0.5H. 
d, J=4.5 Hz), 5.20-5.30 (0.5H, m), 7.00-7.80 (18H. m). 8.20-8.30 (1H. m). 
8.46 (0.5H, s), 8.61 (0.5H. s). 
IR (KBr, cm-^): 3265. 1767. 1635. 1531. 
10 Example 19 

f3S.4SRW3-fN-/3 ^henvlpropiQnovh-P-^2-naphthyl)-L-alanyl}-amino-4- 
cvclohexvlQxv- a2etidin-2-Qna 

By a similar method as described in example 1 8, the title compound 1 9 
was obtained by reacting (3S,4S)-3-{N-(3-phenylpropionoyl)-3-(2-naphthyl)-L- 
1 5 alanyl}-amino-4-acetoxy-azetldin-2-one with cyclohexanol . 
Yield: 35%. 

m.p.: 169-171 '^C. 

FAB-MS: 514 (MH*). calcd for C31H35N3O4 513 

NMR (CDCI3), 5 (ppm): 1.10-2.10 (10H, m), 2.40-2.55 (2H. m), 2.80-2.95 
20 (2H. m). 3.05-3.40 (2H, m), 3.95-4.10 (1H. m), 5.70-5.85 (1H. m). 6.31 (1H. 
m). 6.51 (1H. d. J=8.1 Hz). 7.10-7.90 (13H. m). 8.35 (1H. s). 8.64 (1H, s). 
IR(KBr, cm"^): 3275, 1780, 1639, 1519, 1300. 

Example 20 

(3S.4SV3-(N-(trans-2-Dh6nvi -eth-1-enesuifonvn.B-f2-naDhthvn- 
25 L-alanvl\-amino-4-acetQ xv-azetidin-?-one {90i\ 

(3S,4S)-3-{N-benzyloxycarbonyl-P-(2-naphthyl)-L-alanyl}-amino-4- 
acetoxy-azetidin-2-one (237 mg, 0.5 mmol) obtained in example 8, was 
hydrogenated with 400 mg of 10% palladium on activated carbon in ethyl 
acetate (20 ml) and THF (10 ml) at 50 psi hydrogen pressure at room 
30 temperature for 2 hrs. After removal of catalyst by filtration, the desubstituted 
(3S,4S)-3{3-(2-naphthyl)-L-alanyl}-amino-4-acetoxy-a2etidin'-2-one was 
cooled to -15 ^C. Then triethylamine (50 mg. 0.5 mmol) and trans-2-phenyl- 
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eth-1-ene sulfbnyl chloride (1 01 mg, 0.5 mmol) were added at -1 5 **C. Stirring 
was continued at a bath temperature of -10 to 0 '^C for 1 hr and 5 ''C 
ovemighl The reaction mixture was diluted with ethyl acetate, washed with 
cold saturated NaHCOj solution, water, brine and dried over sodium sulfate. 
5 After removal of solvent, the residue was purified by silica gel column 
chromatography using hexane-ethyl acetate (1:1) as eluent and the title 
compound (30 mg) was obtained. 
Yield: 12%. 
m.p.: 176 °C (dec). 

10 FAB-MS: 508 (MH*). calcd for CzeHzsNaOgS 507 

NMR (DMSO-dg). 5 (ppm): 2.01 (3H, s), 2.70-3.20 (2H. m). 4.05-4.20 
(1H, m). 4.57 (1H, d, J=7.8 Hz), 5.61 (1H. s). 6.50 (1H. d, J=15.5 Hz), 
7.14 (IN. d, J=15.5 Hz), 7.25-7.50 (8H. m), 7.70-7.85 (4H, m), 8.05 (1H. 
d. J=7.8 Hz), 8.90 (1H, d, J=7.9 Hz), 9.22 (1H. s). 

15 IR (KBr, cm'^): 3285, 1774. 1661, 1515, 1315. 1222. 

Example 21 

(3S.4S\-3-^N-fbenzvlaminnnarbonvlVB -/2-naDhthvlVl -alanvlVamino-4- 
acetoxv-azetidin-2-one (21) 

By a similar method as described in example 2, the title compound was 
2 0 obtained by reacting N-(benzylaminocarbonyl)-j3-(2-naphthyl)-L-alanine with 
(3S,4S)-3-amino-4-acetoxy-azetidin-2-one. 

Yield: 70%. 

m.p.; 203 *'C (dec.). 

FAB-MS: 475 (MH*). calcd for C26H26N4O5 "74 
25 ^H NMR (DMSO-dg), 6 (ppm): 2.05 (3H, s), 2.85-3.20 (2H, m), 4.05-4.20 
(2H,m), 4.50-4.66 (IH.m). 4.57 (1H. d. J= 8.0 Hz), 5.73 (1H,s). 6.22 
(1H,d. J=8.5Hz). 6.55(1H,t. J=8.5Hz). 7.05-7.20 (5H, m), 7.30-7.50 
(3H, m), 7.65-7.90 (4H, m), 8.81 (1H, d, J=8.0 Hz), 9.17 (1H. s). 
IR(KBr. cm-"*): 3325, 1799, 1744, 1652, 1626, 1555, 1222. 



30 Example 22 

f3S4SRW3-fN-(benzvlaminocarbQnvl)-B-r2-naphthv n-L-alanvl>- 
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amint>4-f4-PS.2-amino-2-carboxv.ethvl^.DhenoxvV.azetidin-2-onB (22\ 



To a solution of 4-(2S-24ert-bufytoxycarbonylaminD-2-dtphen/irnethoxy 
cariMnyl-ethyl)-phenol (0.585 g, 1.3 mmol) In acetone (6 ml), HjO (3 ml) and 

1 N NaOH (1.2ml), (3S,4S)-3-{N-(benzy|aminocarbonyl)-P-(2-naphthyl)-L- 
5 alanyl}-amino-4-acetoxy-a2elidin-2-one (0.5 g, 1 .09 mmol) in acetone ( 1 0 ml) 

and HjO (5 ml) was slowly added at 5 °C. The mixture was stirred at 5 "C for 

2 hrs. After removal of solvent, the residue was dissolved in ethyl acetate, 
washed with v»«ter, brine and dried over sodium sulfate. After removal of 
solvent, the residue was recrystallized from ethyl acetate/hexane and 400 mg 

10 of (3S,4SR)-3-{N-(benzylaminocarbonyl)-3-(2-naphthyl)-L-alanyl}-amino-4- 
{(2S-2-tert-butyloxycarbonylamino-2-diphenylmethoxycarbonyl-ethyl)- 
phenoxy}-a2etidin-2-one was obtained as vk^ite solid. 

200 mg of (3S.4SR)-3-{N-(benzylaminocarbonyl)-p-(2-naphthyl)-L- 
alanyl}-amino-4-{(2S-2-tert-butyloxycarbonylamino-2 - 

15 diphenylmethoxycarbonyl-ethyl)-phenoxy}-azetidin-2-one was added to a 
mixture of anisole (1 ml), TFA (2 ml) and DCM (1 ml) at -15 °C. The mixture 
was stirred at a bath temperature of -15 to 0 "C for 2 hrs. After removal of 
solvent, the resulting solid was washed with ether, ethyl acetate and 
acetonitril and 80 mg of the title compound was obtained as white solid. 

20 Yield: 58%. 

m.p.: 180 (dec). 

FAB-MS: 596 (MH*), calcd for C33H33N5O6 595 

NMR (DMSO-dg), 6 (ppm): 2.80-3.20 (4H, m), 3.65-3.80 (1H, m), 4.05- 
4.25 (2H,m), 4.50-4.65 (1 H, m). 4.65 (0.7H, d, J=8Hz), 5.50 (0.7H, s). 5.35- 
25 5.50 (0.3H. m), 5.75 (0.3H. d, J=3Hz), 6.20-6.35 (1 H, m), 6.55-6.70 (1 H, m). 
6.75-6.95 (2H, m), 7.05-7.25 (7H. m), 7.35-7.55 (3H, m), 7.70-7.90 (4H. m), 
8.90-9.00 (1H,m). 9.33 (IH.s). 

IR(KBr, cm-^): 3280. 3035, 1763, 1631. 1549. 1503. 1357, 1225. 



Example 23 

30 f3S.4S^34N-f3-phftnyl propionvn-L-citrullinyl}-amino-4 
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acetoxv-azetidin-2-one ^23) 

By a similar metiioct as described in example 2, the title compound was 
obtained by reacting N-(3^henyipropionyl)-L-citrulline with (3S,4S}-3-amino> 
4-acetoxy-azetidin-2-one. 
5 Yield: 35%. 

m.p.: 193 "C (dec). 

FAB-MS: 434 (MH^), calcd for CsoHsrNgOg 433 

NMR (DMSO-de). 6 (ppm): 1 .20-1 .70 (4H. m). 2.08 (3H. s). 2.40-2.50 
(2H. m). 2.75-2.95 (4H. m), 4.20-4.35 (1H. m). 4.62 (1H. d. Js8.0 Hz). 5.37 
10 (2H. s). 5.74 (1H. s). 5.89 (IH. m). 7.10-7.35 (5H, m), 8.08 (1H. d, J=8.0 
Hz), 8.65(1H. d, J=8.0Hz), 9.18 (IH.s). 
IR (KBr, cm-^): 3290, 1793, 1738. 1652. 1541. 1363. 1323. 1216. 

(3S.4S)-3-(N°-(3-phenylpropionvn-N^-nitro-L-arainyl}-amino- 
15 4-acetoxv-azetidin-2-one (24) 

By a similar method as described In example 1 , the title compound was 
obtained by reacting N°-(3-phenylpropionyl)-N*^-nitro-L-arglnlne with (3S,4S)- 
3-amino-4-acetoxy-azetidin-2-one. 
Yield: 12%. 
20 m.p.: 92°C(dec.). 

FAB-MS: 478 (MH*). calcd for C20H27N4O7 477 

^H NMR (DMSO-dg). 6 (ppm): 1.30-1.75 (4H, m). 2.08 (3H. s), 2.40-2.50 
(2H.m), 2.75-2.95 (2H, m), 3.05-3.20 (2H. m). 4.20-4.35 (1H. m), 4.62 (1H. 
d,J=8.2Hz), 5.74 (IH.s). 7.15-7.35 (5H,m), 7.70-8.20 (1H. br), 8.08 (1H, 
25 d, J=8.1 Hz). 8.30-8.60 (1H, br). 8.66 (1H. d, J=8.2 Hz). 9.19 (1H, s). 
IR(KBr, cm-^): 3285, 1772, 1637, 1524. 1366, 1253. 

Example 25 

(3S.4R)-3-(2S-2-ben2yloxycarbonvlamino-2-t-butvloxvm6thyl- 
acetamidoM-phenoxv-azetidin-2-Qn9 f25^ 
30 To a solution of phenol (2.82 g 30 mmole) in THF (30ml) and 1N 

NaOH (26ml, 26 mmole), (3S. 4S)-3-benzyloxycarbonylamino-4-acetoxy- 
azetidin-2-one (5.56 9, 20 mmole) in THF (40ml) and H2O(20ml) is added 
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at 0°C. The mixture is stirred at OX for 1 hour ar^d then at room 

■ 

temperature for 30 min. After removal of solvent, the residue is dissolved 
in ethyl acetate, washed with water, brine and dried over sodium sulphate. 
After removal of solvent, the residue is purified by silica gel column 

5 chromatography using hexane-ethyi acetate as eluent. 2.75 g of (3S. 4S)- 
3-benzyloxycarbonylamino-4-phenoxy-a2etidin-2-one (A), 890 mg of (3S, 
4R)-3-benzyloxycarbonylamino-4-phenoxy-a2etidin"2-one (B) and 1 .08 g of 
a mixture of (A) and (B) is obtainecl. 

(3S, 4R)-3-ben2yloxycarbonylamino-4-phenoxy-a2etidin-2-one (1.85 

0 g. 5.9 mmole) is hydrogenated with 2g of 10% palladium on activated 

carbon in THF (30ml) and ethyl acetate (30ml) at 50 psi hydrogen pressure 
at room temperature for 2 hours. After removal of catalyst by filtration. 81 6 
mg of deprotected (3S, 4R)-3-amino-4-phenoxy-azetidin-2-one is obtained. 
To a solution of 2S-2-ben2yloxycarbonylamino-2-t-butyloxymethyl- 

5 acetic acid (148 mg, 0.5 mmole), (3S. 4R)-3-amino-4-phenoxy-azetidin-2- 
one (80mg. 0.45 mmole) in DMF (3ml). BOP (221 mg, 0.5 mmole) and 
triethyl amine (101 mg, 1 mmole) is added. The reaction mixture is stirred 
at room temperature overnight and then diluted with ethyl acetate (50ml) 
and ether (50ml), washed with saturated NaHC03 solution, water, brine 

0 and dried over sodium sulfate. After removal of solvent, the residue is 

purified by silica gel column chromatography using hexane-ethyl acetate as 

eluent and 70mg of the title compound is obtained. 

Yield: 34% 

m.p.: 135-136.5*C 

5 ^H-NMR (DMSO-d^) , 5 (ppm): 1.05 (9H. s). 3.25-3.40 (2H, m), 4.05-4.20 
(1H,m), 5.01 (2H.S). 5.33 (IH.m), 5.73 (1H.d.J=3.8 Hz). 6.85-7.10 (3H,m), 
7.15 (IH.d. J=8.6 Hz). 7.20-7.40 (7H,m). 8.66 (1H, d, J=9.1 Hz), 9.27 (1H. 

s). 



Example 26 

f3S. 4R^-3-(2S>2-benzvloxvcarbonvlamin o-2-f1 -t-butvloxvethvn- 
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acetamidoM-Dhenoxv-azetidin-^-one 

By a similar method as descrilsed in example 25, the title compound 
is obtained by reacting 2S-2-benzyioxycarbonylamino-2-{1-t- 
butyloxyethyO-acetic acid and (3S, 4R)-3-amino-4-phenoxy-azetidin-2-one 
5 Yield: 57% 
m.p.: 62-64'C 

^H-NMR (DMSO-d6),5 (ppm): 0.86 (3H, d, J=6 Hz). 0.98 (9H, s). 3.75-3.90 
(1H,m). 3.95-4.10 (1H, m), 5.03 (2H,s), 5.39 (1H. m). 5.78 (1H, d, J=3.8 
Hz), 6.80-7.10 (4H. m). 7.20-7.45 (7H.m), 8.53 (1H. d, J=9.4 Hz). 9.31 (1H. 
10 s). 

Example 27 

f3S. 4S)-3-/2S-2-benzvloxvcarbonvlamino-2-t-butvlmethvl- 
acetamido)-4-Dhenoxy-azetidin-2-one /27 ) 

By a similar method as described in example 25, the title compound 
15 is obtained by reacting 2S-2-benzyloxycarbonyiamino-2-t-butylmethyl- 
acetic acid and (3S, 4S)-3-amino-4-phenoxy-azetidin-2-one. 
Yield: 71% 
m;p.: 157-158'C. 

^H-NMR (DMSO-d6),6 (ppm): 0.90 (9H.s), 1.50-1.80 (2H,m). 4.00-4.13 (1H, 
20 m). 4.66 (1H. d. J=8.4 Hz), 5.07 (2H, AB system, J=8.2 and 12.6 Hz). 5.54 
(1H, s). 6.85-7.35 (lOH.m), 7.56 (1H. d, J=8.2 Hz), 8.80 (1H. d, J=8.5 Hz). 
9.30 (IH.s). 



(3S. 4S)-3-f2S-2./3-Dhenyl proDionQvnamino-2-t-butvlmethvl- 
25 acetamidoM-Dhenoxv-az etidin-2-one (28^ 

By a similar method as described in example 25. the title compound 
is obtained by reacting 2S-2-(3-phenylpropionoyl) amino-2-t-butylmethyl- 
acetic acid and (3S,4S)-3-amino-4-phenoxy-azetidin-2-one. 
Yield: 68% 
30 m.p.: 169-171 "C. 

'H-NMR (DMSO-d5),6 (ppm): 0.86 (9H.s). 1.40-1.69 (2H.m), 2.40-2.50 (2H. 
m), 2.82 (2H. I, J=6.4 and 8.6 Hz). 4.27-4.39 (1H, m). 4.63 (1H. d, J=8.3 
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Hz),5.54(1H, s). 6.88-7.37 (10H.m). 8.13 {1H.d.J=8.1 Hz), 8.73 (1H.d. 
J^.4Hz), 9.29 (IH.s). 

ExamolB 29 

r3S. 4S)-3-r2S.2.f3HDhenviDropionovhamino-2-t-butvl-acetamido)-4- 
5 phenoxy-azetidin-2-one (29^ 

By a similar method as described in example 25, the title compound 
is obtained by reacting 2S-2-(3-phenylpropionoyl)amino-2-t-butyl-acetic 
acid and (3S, 4S)-3-amino-4-phenoxy-azetidin-2-one. 
Yield: 43% 
10 m.p.: 104-105X 

^H-NMR (DMS0-dB).5 (ppm): 0.89 (9H. s), 2.40-2.70 {2H,m). 2.82 (1H. t. 
Js8.2, 7.6 Hz), 4.22 (1H, d, J=9,1 Hz), 4j67 (IH.d, J=8.2 Hz), 5.55 (1H, s), 
6.89-7.35 (10H, m), 7.91 (1H, d. J=9 Hz). 8.85 (1H,cl, J=8.4 Hz). 9.30 (1H, 

s). 

15 Example 30 

(2S. 4S\-3-(2 S-2-f3-DhenvlD roDionQvn amino>2-/3. 4> 
dimethoxvDhenvh methvl- acetamidoH-phBnoxv-azetidin-2-one f3Q) 

A solution of L-3,4<lihydroxyphenylalanine (1.97g, 10 mmole) in 2N 
NaOH (10ml) is cooled in an ice-water bath. HydrocinnamoyI chloride 

20 (1.8g, 10.6 mmole) in THF (2ml) and IN NaOH (10ml) are added 

altematingly at 0°C. The mixture is stirred at OX for Ihour and then room 
temperature for 1 hour. The alkaline solution is washed two times with 
ether. The aqueous layer Is acidified to pH 2 and then extracted 3 times 
with ethyl acetate. The ethyl acetate layer is washed with brine and dried 

25 over sodium sulfate. After removal of solvent, the residue is dissolved in 
acetone (20mi). Diazodiphenylmethane (1.63 g. 8.4 mmole) in acetone 
(20ml) is added at 0*C. The reaction mixture is stirred at 0**C for 2 hours 
and room temperature overnight. After removal of solvent, the residue is 
purified by silica gel column chromatography using hexane-ethyl acetate as 

3 0 eluent and 2.2g of N-(3-phenylproplonoyl)-L-3,4-dihydroxyphenylalanine 
diphenylmethyl ester was obtained. 

A reaction mixture of N-(3-phenylpropionoyl)-L-3,4- 
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dihydroxyphenylaianine diphenylmethyl ester (248 mg, 0.5 mmole), 
CH3l(213 mg, 1.5 mmole) and K2C03(172 mg, 1.25 mmole) in acetone 
(10ml) is stirred at room temperature overnight. After removal of solvent, 
the residue is dissolved in ethyl acetate, washed with water, brine and 
5 dried over sodium sulfate. After removal of solvent, the residue is purified 
by silica gel column chromatography using hexane-ethyl acetate as eluent 
and 160 mg of N-(3-phenylpropionoyl)-L-3,4-dimethoxyphenylalanine 

diphenylmethyl ester is obtained. 

To a solution of N-(3-phenylpropionoyl)-L-3,4- 

10 dimethoxyphenylalanine diphenylmethyl ester (1 30mg, 0.25 mmole) and 
anisole (0.5 ml) in dichloromethane (3 ml), trifluoroacetic acid (6ml) is 
added at 0**C. The reaction mixture is stirred at 0**C for Ihour and room 
temperature for 30 min. The solution is evaporated to dryness in vacuo 
and the residue triturated with ether. After removal of solvent, 80mg of 2S- 

15 2-(3-phenylpropionoyl) amino-2-(3,4-dimethoxyphenyl) methyl-acetic acid 
is obtained as white solid. 

(3S. 4S)-3-ben2yloxycarbonylamlno-4-phenoxy-azetidin-2-one 

(63mg, 0.2 mmole) is hydrogenated with 100mg of 10% palladium on 
activated carbon in ethyl acetate (10ml) at 50 psi hydrogen pressure at 
20 room temperature for 2 hours. After removal of catalyst by filtration, 

deprotected (3S. 4S)-3-amino-4-phenoxy-azetidin-2-one in ethyl acetate is 
obtained. 

To a solution of 2S-2-(3-phenylpropionoyl) amino-2-(3,4- 
dimethoxyphenyl) methyl-acetic acid (70mg, 0.2 mmole) and 1- 

25 hydroxybenzotriazole (30mg. 0.22 mmole) in THF (4ml), DCC (41 mg, 0.2 
mmole) is added. The reaction mixture is stirred at room temperature for 1 
hour and then cooled with an ice bath. The resulting DCU is removed by 
filtration. Then a precooled solution of (3S, 4S)-3-amino-4-phenoxy- 
azetidin-2-one in ethyl acetate is added at 0^*0 and the resulting mixture is 

30 stin^d at 0**C for 1 hour and room temperature for 1 hour. After removal of 
solvent, the residue is dissolved in ethyl acetate, washed with saturated 
NaHC03 solution, water, brine and dried over sodium sulfate. After 
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removal of solvent, the residue is purified by recrystallization using hexane- 
ethyl acetate as solvent and 60mg of title compound is obtained as white 
solid. 

Yield: 58% 
5 m.p.: 183.5-1 SS'C 

^H-NMR (DMSO-d6),6 (ppm): 2.35-2.45 {2H, m). 2.65-3.05 (4H.m), 3.65 

(3H, s), 3.70 (3H,s), 4.45-4.60 {1H, m), 4.64 (1H, d, J=8.4 Hz). 5.51 (1H. s), 

6.70-6.95 (3H,m). 7.00-7.40 (10H. m). 8.19 (1H, d. J=8.1 Hz), 8.83 (1H,d, 

J=8.3 Hz), 9.32(1 H.s). 
10 Example 31 

f3S. 4SV3-[2 S-3-phenvlpropionovn amino-2-(3.4- 

ethvlenediQxyphenylmethyl)-acetamidQ]-4-phenoxv>azetidin-2-one (31 ) 
A reaction mixture of N-(3-phenylpropionoyl)-L-3,4- 

dihydroxyphenylalanine diphenylmethyl ester (360 mg, 0.72 mmole), 1- 
15 bromo-2-chloromethane (0.5 ml) and CsjCOg (472mg, 1.45 mmole) in DMF 

(5ml) is stinred at room temperature overnight and then at 90''C for 1 hour. 

The reaction mixture is diluted with ethyl acetate and ether, and washed 

with water, brine and dried over sodium sulfate. After removal of solvent. 

the residue is purified by silica gel column chromatography using hexane- 
20 ethyl acetate as eluent and 240 mg of N-(3-phenylpropionoyl)-L-(3,4- 

ethylenedioxyphenyO-alanine diphenylmethyl ester is obtained. 

■ 

To a solution of N-(3-phenylpropionoyl)-L-(3.4- 
ethylenedioxyphenyt)-alanine diphehylmethyl ester (240 mg, 0.46 mmole) 
and anisole (0.5 ml) in dichloromethane (3 ml), trifluoroacetic acid (6ml) is 

25 added at O^'C. The reaction mixture is stinred at O^'C for 1 hour and room 
temperature for 30 min. The solution is evaporated to dryness in vacuo 
and the residue triturated with ether. After removal of solvent, 160 mg of 
2S-2-(3-phenylpropionoyl)amino-2-(3.4-ethylenedioxyphenylmethyl)-acetic 
acid is obtained as white solid. 

3 0 (3S, 4S)-3-benzyloxycarbonylamino-4-phenoxy-azetidin-2-one ( 1 40 

mg, 0.45 mmole) is hydrogenated with 1 00 mg of 1 0% palladium on 
activated carbon in ethyl acetate (20ml) at 50 psi hydrogen pressure at 



wo 98/12176 



PCT/IB97/01145 



39 

room temperature for 2 hours. After removal of catalyst by filtration, 
deprotected (3S, 4S)-3-amino-4-phenoxy-azetidin-2-one in ethyl acetate is 
obtained. 

To a solution of 2S-2-(3-phenylpropionoyl) amino-2-(3,4- 
5 ethylenedioxyphenylmethyl)-acetic acid (160 mg, 0.45 mmole) and 1 - 

hydroxybenzotriazole (66 mg. 0.49 mmole) in THF (6ml), DCC (93 mg, 0.45 
mmole) is added. The reaction mixture is stirred at room temperature for 1 
hour and then cooled with an ice bath. The resulting DCU is removed by 
filtration. Then a preceded solution of (3S. 4S)-3-amino-4-phenoxy- 

10 azetidin-2-one in ethyl acetate is added at 0°C and the resulting mixture is 
stirred at 0*C for 1hour and room temperature for 1 hour. After removal of 
solvent, the residue is dissolved in ethyl acetate, washed with saturated 
NaHCOj solution, water, brine and dried over sodium sulfate. After 
removal of solvent, the residue is purified by recrystallization using hexane- 

15 ethyl acetate as solvent and 140 mg of title compound is obtained as white 
solid. 

Yield: 60% 
m.p.: 210-212X 

^H-NMR (DMSO-dg) . 5 (ppm): 2.35-2.45 (2H, m), '2.60-3.00 (4H.m). 4.10- 
20 4.25 (4H, s). 4.40-4.55 (IH.m). 4.62 (1H, d, J=8.4 Hz). 5.51 (1H. s), 6.65- 
6.95 (3H.m), 7.00-7.40 (10H. m). 8.19 (IH.d. J=8.1 Hz). 8.83 (1H. d. J=8.3 
Hz).9.32(1H,s). 

Example 32 

f3S. 4S^-3-r2S-2-benzvloxvcarbonvlamino-2-f3 >ben2QthienylmethvlV 

25 acetamido]-4-phenoxv-azetidin-2-one {32) 

By a similar method as described in example 25. the title compound 
is obtained by reacting 2S-2-benzyloxycarbonylamino-2-(3- 
benzothienylmethyl)-acetic acid and (3S, 4S)-3-amino-4-phenoxy-azetidin- 
2-one. 

30 Example 33 

f3S. 4SV3-r2S-2-benzylox vcarbonvlamino-2-M.4'-biphenvlmethvl)- 
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acetamido|-4-DhenQxv-a7etidin-2-onef33) 

By a simitar method as described in example 25, the title compisund 
is obtained by reacting 2S-2-ben2yloxycarbonylamino-2-(4,4'- 
biphenylmethyl)-acetlc acid and (3S, 4S)-3-amino-4-phenoxy-a2etidin-2- 
one. 

Example 34 

(2S. 4S>-3-f2S-2-bengyloxvcarbQnvla minQ-2-^2-chlQrQ. 
Dhenvlmethvh-acetamidQM-DhenQxv -azetidin-2-Qne /34\ 

By a similar method as described in example 25, the title compound 
is obtained by reacting 2S-2-ben2yloxycarbonylamino-2-(2-chloro- 
phenylmethyl)-acetic acid and (3S, 4S)-3-amino-4-phenoxy-azetidin-2-one. 

Example 35 

f3S. 4SV3-r2S-2-benzvloxvc arbonvlamino-2-f4-chloro- 
Dhenvlmethvh-acetamid o1-4-phenQxv-azetidin-2-Qne ^35^ 

By a similar method as described in example 25, the title compound 
is obtained by reacting 2S-2-ben2yloxycarbonylamino-2-{4-chloro- 
phenylmethyl)-acetic acid and (3S, 4S)-3-amino-4-phenoxy-azetidin-2-one. 

Example 3e 

f3S. 4SW3-f2S-2-ben2vloxvcar bonvlamino-2-(3.4-dichloro- 
phenvlmethv!\-acetamid oM-phenQxv-azetidin-2-one ^36^ 

By a similar method as described in example 25, the title compound 
is obtained by reacting 2S-2-benzyloxycarbonylamino-2-(3.4-dichloro- 
phenylmethyl)-acetic acid and (3S, 4S)-3-amino-4-phenoxy-azetidin-2-one. 

Example 37 

f3S. 4S>-3'r2S-2-benzvlQxvcarbonvlamlnQ-2 -fdiDhenvlmethvn- 
acetamidoH-phenoxv-a7 etidin-2-one (37) 

By a similar method as described in example 25, the title compound 
is obtained by reacting 2S-2-benzyloxycarbonylamino-2-(diphenylmethyl)- 
acetic acid and (3S, 4S)-3-amino-4-phenoxy-azetidin-2-one. 

Example 38 

(3S. 4S>-3-f2S-2-ben2vloxvcarbonvlamino-2 -(2-fluoro- 
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By a similar method as described in example 25, the title compound 
is obtained by reacting 2S-24}enzyloxycarbonylamino-2-(2-fluoro- 
phenylmethyl)-acetic acid and (3S, 4S)-3-amino-4i3henoxy-azetidin-2-one. 
5 Example 39 

(3S. 4SV3-f2S-2-benzvloxvca rbonvlamino-2-/4-fluoro- 
phenvlm6thvl\-acetamidQ)-4-Dhenoxv-azetidin-2-one (39) 

By a similar method as described in example 25, the title compound 
is obtained by reacting 2S-2-benzyloxycarbonylamino-2-(4-fluoro- 
phenylmethyl)-acetic acid and (3S, 4S)-3-amino-4-phenoxy-azetidin-2-one. 

Example 40 

(2Si 4SV3-f2S-2-ben2vio xvcarbonvlamino-2-f3.4-difluQro- 
phenvlmethvh-acetamidoM-n henoxv-azetidin-2-Qne (AO) 

By a similar method as described in example 25, the title compound 
is obtained by reacting 2S-2-benzyloxycarbonylamino-2-(3,4-difluoro- 
phenylmethyO-acetic acid and (3S, 4S)-3-amino-4-phenoxy-azetidin-2-one. 

Example 41 

fas 4S).3.r2S-2-benzvloxvcarbonvlami nQ-2-r4-iodo-phenvlmethvn- 
acetamido]-4-phenoxv-azetidln-2-one (41 ) 

By a similar method as desaibed in example 25, the title compound 
is obtained by reacting 2S-2-benzyloxycarbonylamino-2-(4-iodo- 
phenylmethyO-acetic add and (3S, 4S)-3-amino-4-phenoxy-azetidin-2-one. 

Examole 42 

f3S 4SV3-f2S-7-ben7vloxvc arbQnvlamino-?-fnaphth-1-vhmethvl- 
acetamido]-4-Dhenoxv-azetid in-2-one f42) 

By a similar method as desaibed in example 25, the title compound 
is obtained by reacting 2S-2-benzyloxycarbonylamino-2-(naphth-1- 
yl)methyl-acetic acid and (3S. 4S)-3-amino-4-phenoxy-azetidin-2-one. 



Example 43 

(3S 4S)-3-r2S-2-benzvloy yrarbonv[amino-2-f4-nltro-phenvlmethvn- 
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acetamidol-4-Dhenoxv-a7 fttidin-2-on6/43^ 

By a similar method as described in example 25, the title compound 
is obtained by reacting 2S-2-benzyloxycarbonylamino-2-(4-nitro- 
phenylmethyO-acetic acid and (3S. 4S)-3-amino-4-phenoxy-a2etidin-2-one. 

Example 44 

(3S. 4S)-3-r2S-2-benzvloxv carbonvlamino-2-r pentafiuorophenyl- 
methvn-acetamido]-4-ph6 noxv-a2e«idin-2-Qne (44\ 

By a similar method as described in example 25, the title compound 
is obtained by reacting 2S-2-benzyloxycarbonylamino-2- 
(pentafluorophenyl-methyl)-acetic acid and (3S, 4S)-3-amino-4-phenoxy- 
azetidin-2-one. 

Example 45 

(3S. 4SU3-pS.?-benzvloxvcar bonvlamino-2-f4-thiazolvlmethvn. 
acetamidQ^-4-phenoxv- azetidin-2-one 

By a similar method as described in example 25. the title compound 
is obtained by reacting 2S-2-benzyloxycarbonylamino-2-(4- 
thia20lylmethyl)-acetic acid and (3S, 4S)-3-amino-4-phenoxy-azetidin-2- 
one. 

Example 46 

f3S. 4SU3-f2 S-2-benzvlnxvcarbonvlaminn.7.(a- 
trifluorQmethv|phenvl-met hvn-acBtamido1-4-phenQxv-azetidin-2-one M6) 

By a similar method as described in example 25, the title compound 
is obtained by reacting 2S-2-ben2yloxycarbonylamino-2-(3- 
trifluoromethylphenyl methyl )-acetic acid and (3S, 4S)-3-amino-4-phenoxy- 
azetidin-2-one. 

Example 47 

f3S 4S)-3-[2R-2.ben2vlQxv carbonvlaminp-2-r3-sulfamovlmethvn- 
acetamidoM-phenoxv.a76tidin-2.onQ {47\ 

By a similar method as described in example 25, the title compound 
is obtained by reacting 2S-2-benzyloxycarbonylamino-2-(3- 
sulfamoylmethyl)-acetic acid and (3S, 4S)-3-amino-4-phenoxy-azetidin-2- 
one. 
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Example 48 

f3S. 4S^-3-f2S-2-r3-phenvipropion ovh amino-2-r3.4- 
m6thylenediQxyphenylmethyl)*acetamidoH^henoxv-a2etidin-2-Qne (48) 

By a similar method as described in example 30, the title compound 
is obtained by reacting 2S-2-(3-phenylpropionoyl) amino-2-(3,4- 
methylenedioxyphenyl)methyl acetic acid and (3S, 4S)-3-amino-4-phenoxy- 
azetidin-2-one. 

Example 49 

4S^-3-(2S-2-r3-ph6nvlprQpiQnovn aminQ>2>/3.4- 
diisopropvloxvphenylmethylVacetamidoH>phenoxv-azetidin-2-one (49) . 

By a similar method as described in example 30, the title compound 
is obtained by reacting 2S-2-(3-phenylpropionoyl) amino-2-(3.4- 
diisopropyloxyphenyl)methyl acetic acid and (3S. 4S)-3-amino-4-phenoxy- 
azetidin-2*one. 

EX9mple ^0 

(3S. 4SV342S-2>benzyloxycarbonylamino-2-butykacetamido)-4- 
phenoxy-azetidin-2'One (50) 

By a similar method as described in example 25, the title compound 
is obtained by reacting 2S-2-benzyloxycarbonylamino-2-butyl-acetic acid 

and (3S. 4S)-3-amino-4-phenoxy-a2etidin-2-one. 

Example 51 

f3S. 4S)-342S>2>benzvlQXVcarbonylamino-2-prQpvl-acetamidoM- 
Dhenoxv*a2etidin-2-one ^51 ) 

By a similar method as described in example 25. the title compound 
is obtained by reacting 2S-2-benzyloxycarbonytamino-2-propyl-acetic acid 
and (3S, 4S)-3-amino-4-phenoxy-azetidin-2-one. 

Testing of inhibitors for inhibition of Cathepsin B and L 

Test Example 1 

In Yitro 3ssay prQggdMr? fpr cathgpsin B 

The compounds of formula I were tested for Inhibition of cathepsin B 
using the known method (A J. Barret etal., Biochem. J. 1982. 201, 189-198). 
To a 170 /zl of enzyme-buffer mixture (enzyme: r rat cathepsin B, diluted to 
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give approximate 10 F units/min, buffer: 56 mM sodium acetate, 1.124 mM 
EDTA. 10 mM DTT, pH 6.1) a 10 mL of inhibitor (dissolved in DMSO) was 
added. After 10 min of incubation at room temperature, a 20 //< of 5 mM 
substrate (N-CBZ-Phe-Arg-AMC. dissolved in DMSO) was added to initiate 
reaction. Reading is followed up for 10 min at the fluoroscan reader 
(excitation at 380 nm emission at 460 nm). 

A plot of percentage of inhibition vs inhibitor concentration is obtained, 
and IC5Q is determined using a linear regression calculation (concentration of 
inhibitor v^ich will give 50% inhibition). 



To a 170 ^1 of enzyme-buffer mixture (enzyme: r rat cathepsin L, 
diluted to give approximate 15 F units/min, buffer 58.8 mM sodium citrate, 
1.18 mM EDTA, 235 mM sodium chloride, 5 mM DTT, pH 5.0) a 10 /^L of 
inhibitor (dissolved in DMSO) was added. After 10 min of incubation at room 
temperature, a 20 y\ of 1 mM substrate (N-CBZ-Phe-Arg-AMC, dissolved in 
DMSO) was added to initiate reaction. Reading is followed up for 1 0 min at 
the fluoroscan reader (excitation at 380 nm emission at 460 nm). 

A plot of percentage of inhibition vs inhibitor concentration is obtained, 
and IC50 is determined using a linear regression calculation (concentration of 
inhibitor which will give 50% inhibition). 

Table 1 . In vitro inhibitory activity of monobactam compounds on cysteine 
proteases 



Example No. IC50 (pM) 



Test Examole 2 
In vitro assay procedure for catheosi 



Cathepsin B 



Cathepsin L 



1 



>50 



26.7 



2 



>50 



>50 



3 



>50 



43.09 



4 



>50 



11.39 
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5 


>50 


8.26 

■ 




6 


>50 


12.08 




7 


28.57 


2.32 




8 


16.42 


0.0135 


5 


9 


18.85 


0.341 




10 


7.51 


0.057 




11 


0.9 


0.015 




12A 


0.38 


0.003 




12B 


0.08 


0.0004 


10 


13A 


1.8 


0.0029 




13B 


0.0715 


0.0001 1 




14A 


1.7 


0.0027 




14B 


0.34 


0.0005 




15 


1.91 


0.0061 


15 


16 


1.6 

» 


0.0086 




17 


10.1 


0.4 




18 


1.92 


0.0767 




19 


1.95 


0.39 




20 


0.395 


0.079 


20 


21 




0.01 




22 


8.4 


0.013 




23 


11.0 


11.5 




24 


31.4 


0.0168 




25 


11 


2 19 

mm* 1 W 


25 


26 


>50 


10.65 




27 


23 


2.3 




28 


45 


11.43 




29 


>50 


>50 




30 


48 


1.6 


30 


31 


9.7 


0.06 



Although the compounds and compositions, and methods of making 



i 
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and administering them in accordance with the present invention have been 
described in connection with preferred embodiments, it will be appreciated by 
those skilled in the art that modifications not specifically described may be 
made without departing from the spirit and scope of the invention defined in 
5 the following claims. 
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WE CLAIM: 



1. A 3,4-disubstituted-azetidin-2-one compound of formula I, or a 
phamiaceutically acceptable salt thereof. 



Rj-NH 




I 



5 wherein 

is 

hydrogen; or 

-S03"M* wherein M is a hydrogen atom, a metal ion which is 
selected from sodium, potassium, magnesium, and calcium, or N*(R4)4 
10 wherein R4 is a C^-Ce alkyi group; 

Rjis 

(a) a group -OCOR5 wherein R5 is 

i) a C^-Cg aikyi group, 

ii) a C2-Ce aikenyl group, 
15 (iii) a Cj-Cg alkynyl group, 

iv) a C3-C6 cycioalkyi group, 

v) a phenyl group, 

vi) a naphthyl group, or 

yji) a monocyclic or bicyclic heterocyclic group, 
20 which group (i), (ii). (iii). (iv), (v). (vi). or (vii) is 

unsubstituted or substituted by 1, 2 or 3 
substituents indeperKlently selected from 
hydroxy, 
halogen. 

25 carboxy, 
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C^-C^ alkyi (which is unsubstituted or 
substituted at least once with carboxy and/or amino), 

C^-Cj alkoxy, 
amino, 
cyano, and 

phenyl and monocyclic or bicyclic 
heterocyclic groups, which phenyl and heterocyclic groups are unsubstituted 
or substituted by 1 or 2 substituents independently selected from 

hydroxy, 

halogen, 

carboxy, 

C,-C4 alkyI, 

C^-Cj alkoxy, 

amino, and 

cyano; 

or (b) a group -XR5 wherein X is selected from the group 
consisting of 0, S, SO, and SOj, and R5 is as defined above; 

R3 is selected from the group consisting of D- or L-phenyl glycine. D- 
or L-t-butyl alanine, D- or L-homophenyl alanine, D- or L-pyridyl alanine, D- 
or L-thienyl alanine, D- or L-naphthyl alanine, D- or L-methoxy phenyl alanine, 
D- or L-halo phenyl alanine, D- or L^c-nitro arginine, D- or L-citrulline, D- or 
L-2-indoline carboxylic acid. D- or L-cycloalkyI glycine (e.g.. cyclopentyl 
glycine), D- or L-4-hydroxy-a-nitro-phenylalanine. D- or L-4-amino-3,5-diiodo- 
phenylalanine, D- or L-4-hydroxy-3,5-diiodo-phenylalanine, D- or L-4.hydroxy- 
3,5-dibromo-phenylalanine. D- or LH3-(3-benzothienyi)-alanlne, D- or L- 
3,4(methylenedioxy)phenylalanine, D- or L-3,4(ethylenedioxy)phenylalanine. 
D- or L-4,4'-biphenylalanine, D- or L-3,4-dichlorophenylalanine, D- or L-4- 
iodophenylalanine, D- or L-4-nitrophenylalanine. D- or L- 
pentafluorophenylalanine, D- or L-4-thiazolylalanine, D- or L-3- 
trifluoromethylphenylalanine, D- or L-4-trifluoromethylphenylalanine, D- or L- 
3-sulfamoyl-alanine, D- or L-t-butyloxy alanine, D- or L-1-t- 
butyloxymethylalanine, D- or L-trimethylalanine. D- or L-3,4- 
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diisopropylO)^henylalanine, D- or L-propyl alanine, and D- or L-ethyl alanine, 
in which the NHj of any of the above groups is unsubstituted or substituted 
once or. twice with R7 wherein R7 is .COOR5, -COR5, -SO2R5, or -COR14 
wherein R5 is as defined above and R^4 is amino group which is 
5 unsubstituted or substituted at least once with C^-Cg all<yl group which is 
unsubstituted or substituted at least once with 1 or 2 substitutents selected 
from hydroxy, halogen, cyano, amino, heterocycle, and phenyl (wherein the 
heterocycle or phenyl is unsubstituted or substituted at least once by 1 or 2 
substituents selected from halogen, hydroxy, cyano, carboxy and amino). 
10 2. A 3,4-disubstltuted-azetidin-2-one compound of formula I. or a 

pharmaceutlcally acceptable salt thereof: 



R3-NH 




I 



wherein 
Ri is 

15 hydrogen; or 

-S03'M* wherein M is a hydrogen atom, a metal ion which is 
selected from sodium, potassium, magnesium, and calcium, or N*(R4)4 
wherein R4 is a C^-Cg alkyi group; 
Rjis 

20 -OCOR5 wherein R5 is (i) a C^-Cg alkyI group which is 

unsubstituted or substituted at least once by 1 or 2 substitutents selected from 
hydroxy, halogen, and amino, or (ii) a phenyl group which is unsubstituted or 
substituted at least once by 1 -3 substituents selected from hydroxy, halogen. 
C-,-C4 alkyI group, Ci-Cj alkoxy group, and cyano; or 

25 -XRq wherein X is 0. S, SO,or SO^ Rg is (i) a C^-Cg alky! group 

which is unsubstituted or substituted at least once by 1 or 2 substitutents 
selected from hydroxy, halogen, amino and phenyl (ii) a Cj-Cg cycloalkyi 
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group, (iii) a phenyl group which is unsubstituted or substituted at least once 
by 1-3 substituents selected from hydroxy, halogen, carboxy, CyC^ alky I 
group (which is unsubstituted or substituted with carboxy, amino or both), C,- 
C2 alkoxy group, cyano and heterocycle group, or (iv) naphthyl group which 
5 is unsubstituted or substituted at least once by 1 -3 substituents selected from 
hydroxy, halogen, carboxy, C,-C4 alkyi group (which is unsubstituted or 
substituted at least once with caitoxy, amino or both). C1-C2 alkoxy group and 
cyano; 

R3 is selected from the group consisting of D- or L-phenyl glycine, D- 

10 or L-t-butyl alanine, D- or L-homophenyl alanine, D- or L-pyridyl alanine, D- 
or L-thienyl alanine, D- or L-naphthyl alanine. D- or L-methoxy phenyl alanine. 
D- or L-halo phenyl alanine. D- or L-€-nitro arginine. D- or L-citrulline, D- or 
L-2-indoline carboxylic acid, D- or L-cydoalkyI glycine (e.g., cyclopentyl 
glycine), D- or L-4-hydraxy-3-nitro-phenylalanine. D-or L-4-amino-3.5-diiodo- 

15 phenylalanine. D- or L-4-hydroxy-3,5-diiodo-phenylalanine, D- or L-4-hydroxy- 
3,5-dibromo-phenylalanine, D- or L-3-(3-benzothienyl)-alanine, D- or L- 
3,4(methylenedloxy)phenylalanine, D- or L-3,4(ethylenedjoxy)phenylalanine, 
D- or L-4,4'-biphenylalariine, D- or L-3.4-dichlorophenylalanine, D- or L-4- 
iodophenylalanine, D- or L-4-nitrophenylalanine. D- or L- 

20 pentafluorophenylalanine, D- or L-4-thiazolylalanine. D- or L-3- 
trifluoromethylphenylalanine, D- or L-4-trifluoromethylphenylalanine. D- or L- 
3-sulfamoyl-alanine, D- or L-t-butyloxy alanine. or L-1-t- 

butyloxymethylalanine, D- or • Urimethylalanine. D- or L-3.4- 
diisopropyloxyphenylalanine. D- or L-propyl alanine, and D- or L-ethyl alanine, 

25 in which the NHj of any of the above groups is unsubstituted or substituted 
once or twice with R7 wherein R7 is 

-COORg wherein Rq is a C^-Cq alkyI group which is unsubstituted or 
substituted at least once with phenyl group, 
-COR9 wherein Rg Is 

30 (i) a C^-Ce alkyl group which is unsubstituted or substituted at 

least once by 1 or 2 substitutents selected from hydroxy, halogen, cyano, 
amino, heterocycle, or phenyl (wherein the heterocycle or phenyl is 
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unsubstituted or substituted at least once by 1 or 2 substituents selected from 
halogen, hydroxy, cyano, carboxy and amino); (ii) a heterocycle which may be 
mono or bicyciic or (iii) amino group which is unsubstituted or substituted at 
least onoe with C^-C^ ali<yl group which is unsubstituted or substituted at least 
5 once with 1 or 2 substitutents selected from hydroxy, halogen, cyano, amino, 
heterocycle, and phenyl (wherein the heterocycle or phenyl is unsubstituted 
or substituted at least once by lor 2 substituents selected from halogen, 
hydroxy, cyano, carboxy and amino); or 
SO2R-J0 wherein R^q Is 

10 (i) a C^-Ce alkyi group (ii) a C2-C4 alkenyl group which is 

unsubstituted or substituted at least once with heterocycle or phenyl, or (iii) 
a phenyl group which is unsubstituted or substituted at least once by 1-3 
substituents selected from hydroxy, halogen, carboxy, C^-C4 alkyI group. C^- 
C2 alkoxy group and cyano. 

15 3. A compound or salt as recited in claim 1 or claim 2. wherein is 

selected from hydrogen and sulphonic acid. 

4. A compound or salt as recited in claim 1 or claim 2, wherein R2 is 
selected from acetoxy, butyloxy, 2-carboxy ethyloxy. 2-aminoethyloxy. 2-fluoro 
ethoxy, cyclopentyloxy, cyclohexyloxy. cyclohexylthio, phenoxy, methyl 

20 phenoxy, naphthyloxy, morpholino phenyloxy, 2-hydroxy ethylthio, phenylthio. 
phenylsulphonyl, 4-(2-carboxy-2-amino ethyl)-phenoxy, 4-carboxy phenoxy, 
3-carboxy phenoxy, 2-pyridylthio. 4-pyridylthio, and benzyloxy. 

5. A compound or salt as recited in claim 1 or claim 2, wherein R3 is 
selected from the group consisting of 1-benzyloxycarl>onyl-2-indoline 

25 carboxy lie acid. N-benzyloxy carbonyl phenyl glycine, N-benzyloxy carbonyl 
homophenyl alanine, N-benzyloxy carbonyl pyridyl alanine, N-benzyloxy 
carbonyl thienyl alanine, N-benzyloxy carbonyl naphthyl alanine, N-benzyioxy 
carbonyl halophenyl alanine, N4)enzyloxy carbonyl naphthyl alanine, N-(3- 
phenyl propanoyi) naphthyl alanine, N^-nitro arginine. N-(3-phenyl propanoyi) 

30 citrulline. N-benzylamino carbonyl naphthyl alanine, N-(2-phenyl-eth-1-en- 
sulphonyl)-naphthyl alanine, N-benzyloxycarbonyl-t-butyloxyalanine; N- 
benzyloxycarbonyl-t-butyloxymethyl alanine; N-benzyloxycarbonyl-t-butyl 
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alanine; N-phenylpropionoyl-t-biityl alanine; N-phenylpropionoyl-trimethyi 
alanine; N-phenylpropionoyl-(3, 4-dimethoxyphenyl) alanine; N- 
phenylpropionoyl-{3,4-ethylenedioxyphenyl) alanine; N-benzyloxycarbonyl-S- 
benzothienyl alanine; N-benzyloxycarbonyl-(4,4'-biph6nyl) alanine; N- 
benzyloxycarbonyl-(2-chlorophenyi)aianine; N-benzyloxycarbonyl-(4- 
chlorophenyl)alanine; N-benzyloxycarbonyl-(3.4-dichloro)-phenylalanine; N- 
benzyloxycarbonyl-(ciiphenyl) alanine; N-benzytoxycarbonyl-(2-fluoro) 
phenylalanine; N-benzyloxycarbonyl-(4-fluoro-phenyl) alanine; N- 
• ben2yloxycarbonyl-(3,4-difluoro-phenyl) alanine; N-benzyloxycarbonyl-(4- 
iodo-phenyl) alanine; N-benzyloxycarbonyl-2-(naphthyl) alanine; N- 
benzyloxycarbonyl-(4-nitro-phenyl) alanine; N-benzyloxycarbonyl- 
(pentafluorophenyl) alanine; N-benzyloxycarbonyl-(4-thiazolyl) alanine; N- 
benzyloxycarbonyl-3-(trifluoromethylphenyl) alanine; N-benzyloxycarbonyl-4- 
(Irifluoromethylphenyl) alanine; N-benzyloxycarbonyl-{3-sulfamoyl) alanine; 
N-phenylpropionoyK3.4-methylenedioxyphenyl) alanine; N-phenylpropionoyl- 
(3,4-<Jiisopropyloxyphenyl) alanine; N-benzyloxycarbonyl-propyl alanine; and 
N-benzyloxycarbonyl-ethyl alanine. 

6. A compound or salt as recited in claim 1 or claim 2. having (3R,4S), 
(3R.4R), (3S,4R) or (3S,4S) configuration at two asymmetric carbons 3 and 
4 on azetidin-2-one ring system or a racemic mixture thereof. 

7. A compound or salt as recited in claim 1 or claim 2, wherein said 
unnatural amino acid residue is a D isomer, an L isomer, or a racemic mixture 
thereof. 

8. A compound or salt as recited in claim 1 or claim 2, wherein said 
substituent group is selected from the group consisting of aryloxy carbonyl. 
alkoxy carbonyl. substituted alkanoyl. aryialkanoyi, arylalkenoyi, 
heterocyciealkenoyl, heterocyclealkanoyi, alkylsulphonyl, aryisulphonyl. 
arylalkanylsulphonyl. arylalkensulphonyl. heterocyclealkanylsulphonyl, 
heterocyclealkensul phenyl, and heterocyclesulphonyl. 

9. A salt as recited in claim 1 or claim 2, wherein said salt comprises 
a component selected from sodium, potassium, magnesium, calcium, 
hydrogen chloride, tartaric acid, succinic acid, fumaric acid and p- 
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toluenesulfonic acid. 

10. A pharmaceutical composition comprising a compound or salt as 
recited in claim 1 or claim 2 and a pharmaceutically acceptable carrier . 

11. A method of treatment of muscular dystrophy, comprising 
5 administering to a patient in need of said treatment a pharmaceutical 

composition comprising a conpound or salt as recited In claim 1 or claim 2 in 
an amount effective for treating said muscular dystrophy, and a 

pharmaceutically acceptable carrier. 

12. A method of treatment of cancer metastasis, comprising 
10 administering to a patient in need of said treatment a phannaceutical 

composition comprising a compound or salt as recited in claim 1 or claim 2 in 
an amount effective for treating said cancer metastasis, and a 
pharmaceutically acceptable carrier. 

13. A method of treatment of myocardial infarction, comprising 
15 administering to a patient in need of said treatment a pharmaceutical 

composiUon comprising a compound or salt as recited in claim 1 or claim 2 in 
an amount effective for treating said myocardial infarction, and a 
pharmaceutically acceptable carrier. 

14. A method of treatment of inflammatory disease in a patient in need 
20 of such treatment, comprising administering to said patient a pharmaceutical 

composition comprising a compound or salt as recited in claim 1 or claim 2 in 
an amount which is effective for treating inflammatory disease, and a 
pharmaceutically acceptable carrier. 

1 5. A method of treatment of arthritis in a patient in need of such 
25 treatment, comprising administering to said patient a phannaceutical 

composition comprising a compound or salt as recited in daim 1 or claim 2 in 
an amount virhich is effective for treating arthritis, and a pharmaceutically 

acceptable carrier. 

16. A method of treatment of pulmonary emphysema in a patient in 
30 need of such treatment, comprising administering to said patient a 

phannaceutical composition comprising a compound or salt as recited in claim 
1 or claim 2 in an amount which is effective for treating pulmonary 
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emphysema, and a pharmaceutically acceptable carrier. 

17. A method of treatment of septic shocl< in a patient in need of such 
treatment, comprising administering to said patient a pharmaceutical 
composition comprising a compound or salt as recited in claim 1 or claim 2 in 
an amount which is effective for treating septic shock, and a pharmaceutically 
acceptable carrier. 

18. A method of treatment of cerebral ischemia in a patient in need of 
such treatment, comprising administering to said patient a pharmaceutical 
composition comprising a compound or salt as recited in claim 1 or claim 2 in 
an amount which is effective, for treating cerebral ischemia, and a 
pharmaceutically acceptable can-ier. 

19. A method for improvement of memory function in a patient in need 
of such improvement, comprising administering to said patient a 
phamfiaceutical composition comprising a compound or salt as recited in claim 
1 or claim 2 in an amount which is effective for improving memory function, 
and a pharmaceutically acceptable carrier. 

20. A method of treatment of parasitic infection in a patient in need of 
such treatment, comprising administering to said patient a pharmaceutical 

T 

composition comprising a compound or salt as recited in claim 1 or claim 2 in 
an amount which is effective for treating parasitic infection, and a 
pharmaceutically acceptable carrier. 

21. A method of treatment of cataract in a patient in need of such 
treatment, comprising administering to said patient a pharmaceutical 
composition comprising a compound or salt as recited in claim 1 or claim 2 in 
an amount which is effective for treating cataract, and a pharmaceutically 
acceptable canier. 

22. A method of treatment of malaria in a patient in need of such 
treatment, comprising administering to said patient a pharmaceutical 
composition comprising a compound or salt as recited in claim 1 or claim 2 in 
an amount which is effective for treating malaria, and a pharmaceutically 
acceptable carrier. 
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23. A method of treatment of glomeaiiar basement membrane 
degradation in a patient in need of such treatment, comprising administering 
to said patient a pharmaceutical composition comprising a compound or salt 
as recited in claim 1 or claim 2 in an amount which is effective for treating 

5 glomerular basement membrane degradation, and a pharmaceutically 
acceptable canier. 

24. A method of treatment of viral Infection in a patient in need of such 
treatment, comprising administering to said patient a pharmaceutical 
composition comprising a compound or salt as recited in claim 1 or claim 2 in 

10 an amount virfiich is effective for treating viral infection, and a pharmaceutically 
acceptable carrier. 

25. A method of regulating cysteine protease in a patient in need of 
such regulating, comprising administering to said patient a pharmaceutical 
composition comprising a compound or salt as recited in claim 1 or claim 2 in 

15 an amount which Is effective for treating regulating cysteine protease, and a 
pharmaceutically acceptable carrier. 

26. A method of treatment of osteoporosis, comprising administering 
to a patient in need of said treatment a pharmaceutical composition 
comprising a compound or salt as recited in claim 1 or claim 2 in an amount 

20 effective for treating said osteoporosis, and a pharmaceutically acceptable 
carrier. 

27. A method of preparing a compound of formula I. comprising 
reacting a compound according to formula 11 with a compound of the formula 
R3-OH acid in presence of at least one member selected from the group 

25 consisting of dicyclohexylcarbidiimide and acid chloride in the presence of at 
least one member selected from the group consisting of base and activated 
ester 




n 
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wherein 

is 

hydrogen: or 

-S03*M*^ wherein M is a hydrogen atom, a metal ion which is 
5 selected from sodium, potassium, magnesium, and calcium, or N^(R4)4 
wherein R4 is a C-j-Cg alky I group; 
R^is 

(a) a group -OCOR5 wherein R5 is 
(i) a C^-Cq alkyi group, 
10 (ii) a C2-Cg alkenyl group, 

(iii) a C2-C5 alkynyl group, 
(Iv) a C3-Cg cycioalkyi group, 

(v) a phenyl group, 

(vi) a naphthyl group, or 

15 (vii) a monocyclic or bicyciic heterocyclic group, 

which group (i), (ii), (iii). (iv), (v), (vi), or (vii) is 
unsubstituted or substituted by 1. 2 or 3 
' substituents independently selected from 
hydroxy, 

20 halogen, 

carboxy, 

C-1-C4 alky! (which is unsubstituted or 

* 

substituted at least once with carboxy and/or amino), 

C^-C2 alkoxy, 
25 amino, 

cyano, and 

phenyl and monocyclic or bicyciic 
heterocyclic groups, which phenyl and heterocyclic groups are unsubstituted 
or substituted by 1 or 2 substituents independently selected from 
3 0 hydroxy, 

halogen, 
carboxy. 
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C^-C2 aikoxy. 
amino, and 
cyano; 

5 or (b) a group -XR5 wherein X is selected from the group 

consisting of 0, S. SO, and SO2, and R5 is as defined above; 

R3 is selected from the group consisting of D- or L-phenyl glycine, D- 
or L-t-butyl alanine. D- or L-homophenyl alanine, D- or L-pyridyl alanine, D- 
or L-thienyl alanine. D- or L-naphthyl alanine, D- or L-methoxy phenyl alanine. 

10 D- or L-halo phenyl alanine, D- or L-e-nitro arginine. D- or L-citrulline, D- or 
L-2-indoline carboxylic acid. D- or L-cycloalkyI glycine (e.g., cydopentyl 
glycine), D- or L-4-hydroxy-3-nitro-phenylalanine, D- or L-4-amino-3,5-diiodo- 
phenylaianine. D- or L-4-hydroxy-3,5-diiodo-phenylalanine, D- or L-4-hydroxy- 
3,5-dibromo-phenylalanine, D- or L-|3"(3-benzothienyl)-alanine, D- or L- 

15 3.4(methylenedioxy)phenylaianine. D- or L-3.4(ethylenedioxy)phenylalanine, 
D- or L-4,4 -biphenylalanine. D- or L-3,4-dichlorophenylalanine. D- or L-4- 
iodophenylalanine, D- or L-4-nitrophenylalanine. D- or L- 
pentafluorophenylalanine, D- or L-4-thia2olylalanine. D- or L-3- 
trifluoromethylphenylalanine, D- or L-4-trlfluoromethylphenylalanine, D- or L- 

20 3-sulfamoyl-alanine, D- or L-t-butyloxy alanine, D- or L-1-t- 
butyloxymethylalanine. D- or L-trimethylalanine, D- or L-3,4- 
diisopropyloxyphenylalanine, D- or L-propyl alanine, and D- or L-ethyl alanine, 
in which the NH2 of any of the above groups is unsubstituted or substituted 
once or twice with wherein R7 is -COOR5, -COR5. -SO2R5, or -COR14 

25 wherein R5 is as defined above and R^4 is amino group which is 
unsubstituted or substituted at least once with C^-C^ alky! group which is 
unsubstituted or substituted at least once with 1 or 2 substitutents selected 
from hydroxy, halogen, cyano, amino, heterocycle, and phenyl (wherein the 
heterocycle or phenyl is unsubstituted or substituted at least once by 1 or 2 

30 substituents selected from halogen, hydroxy, cyano. carboxy and amino). 

28. A method of preparing a compound of formula I. comprising 
reacting a compound according to formula II with a compound of the formula 

r 
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R3-OH acid in presence of at least one member selected from the group 
consisting of dipydohexylcarbidiimide and acid chloride in the presence of at 
least one member selected from the group consisting of base and activated 
ester: 



R3-OH 




wherein 
Ri is 

hydrogen; or 

-S03'M* wherein M is a hydrogen atom, a metal Ion which is 
selected from sodium, potassium, magnesium, and calcium, or N*(R4)4 
wherein R4 is a C^-Cg alkyi group; 
Rsis 

-OCOR5 wherein R5 is (i) a C^-C^ alkyI group which is 
unsubstituted or substituted at least once by 1 or 2 substitutents selected from 
hydroxy, halogen, and amino, or (ii) a phenyl group which is unsubstituted or 
substituted at least once by 1-3 substituents selected from hydroxy, halogen, 
C-1-C4 alkyI group, C1-C2 alkoxy group, and cyano; or 

•XRq wherein X is 0, S, SO.or SO2; Rq is (i) a C^-Cq alkyI group 
which is unsubstituted or substituted at least once by 1 or 2 substitutents 
selected from hydroxy, halogen, amino and phenyl (ii) a C^-C^ cycloalkyi 
group, (iii) a phenyl group which is unsubstituted or substituted at least once 
by 1 -3 substituents selected from hydroxy, halogen, carboxy, C^-C^ alkyI 
group (which is unsubstituted or substituted with carboxy, amino or both), C.,- 
Cj alkoxy group, cyano and heterocycle group, or (iv) naphthyl group which 
is unsubstituted or substituted at least once by 1 -3 substituents selected from 
hydroxy, halogen, cartxjxy, C1-C4 alkyI group (which is unsubstituted or 
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substituted at least once with carboxy, amino or both), C1-C2 alkoxy group and 
cyano; 

R3 is selected from the group consisting of D- or L-phenyl glycine, D- 
or L-t-butyt alanine, D- or L-homophenyl alanine, D- or L-pyridyl alanine, D- 
or L-thienyl alanine, D- or L-naphthyl alanine, D- or L-methoxy phenyl alanine, 
D- or L-halo phenyl alanine, D- or L-€-nitro arginine, D- or L-citailline, D- or 
L-2-indoline carboxylic acid, D- or L-cycloalkyI glycine (e.g.. cyclopentyl 
glycine), D- or L-4-hydroxy-3-nitro-phenylalanine. D- or L-4-amino-3.5-dliodo- 
phenylalanine, D- or L-4-hydroxy-3,5-diiodo-phenylalanine, D- or L-4-hydroxy- 
3,5-dibromo-phenylalanine, D- or L-3-(3-benzothienyl)-alanine, D- or L- 
3,4(methylenedioxy)phenylalanine, D- or L-3,4(ethylenedioxy)phenylalanine, 
D- or L-4,4'-biphenylalanine, D- or L-3,4-dichlorophenylalanine, D- or L-4- 
iodophenylalanine, D- or L-4-nitrophenylalanine, D- or L- 
pentafluorophenylalanine. D- or. L-4-thiazolylalanine, D- or L-3- 
trifluoromethylphenylalanine, D- or L-4-trifluoromethylphenylalanine. D- or L- 
3-sulfamoyl-alanine, D- or L-t-butyloxy alanine, D- or L-1-t- 
butyloxymethylalanlne, D- or L-trimethylalanine, D- or L-3,4- 
diisopropyloxyphenylalanine. D- or L-propyl alanine, and D- or L-ethyl alanine, 
in which the NHj of any of the above groups is unsubstituted or substituted 
once or twice with R7 wherein R7 is 

-COORg wherein Rg is a C^-Cq alkyi group which is unsubstituted or 

substituted at least once with phenyl group, 
-CORg wherein Rg is 

(i) a C^-Cg alkyI group which is unsubstituted or substituted at 
least once by 1 or 2 substitutents selected from hydroxy, halogen, cyano, 
amino, heterocycle, or phenyl (wherein the heterocycle or phenyl is 
unsubstituted or substituted at least once by 1 or 2 substiluents selected from 
halogen, hydroxy, cyano, carboxy and amino); (ii) a heterocycle which may be 
mono or bicyclic or (iii) amino group which is unsubstituted or substituted at 
least once with C^-Cg alkyI group which is unsubstituted or substituted at least 
once with 1 or 2 substitutents selected from hydroxy, halogen, cyano, amino, 
heterocycle, and phenyl (wherein the heterocycle or phenyl is unsubstituted 
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or substituted at least once by 1 or 2 substituents selected from halogen, 
hydroxy, cyano. carboxy and amino); or 
SO2R10 wherein R^^ is 

(I) a C^-Ce alkyi group (ii) a C2-C4 alkenyl group which is 
unsubstltuted or substituted at least once with heterocycle or phenyl, or (iii) 
a phenyl group which is unsubstltuted or substituted at least once by 1-3 
substituents selected from hydroxy, halogen, carboxy, C^-C^ alkyI group, C,- 
C2 alkoxy group and cyano. 

29. A compound selected from the group consisting of: 

(3S,4S)-3-(1 -N-benzyloxycarbonyl-2-indolinecarbonyl)-amino-4 - 
acetoxy-a2etldin-2-one; 

(3S,4S)-3-(N-ben2yloxycarbonyl-D-phenylglycyl)-amino-4-acetoxy- 
azetidin-2-one; 

(3S,4S)-3-(N-ben2yloxycarbonyl-DL-phenylglycyl)-amino-4-acetoxy- 
azetidin-2-one; 

(3S.4S)-3-(N-benzyloxycarbonyl-L-homophenylalanyl)-amino-4 - 
acetoxy-azetidin-2-one; 

(3S,4S)-3-{N-benzyloxycarbonyl-P-(3-pyridyl)-L-alanyl}-amlno-4 r 
acetoxy-a2etidin-2-one; 

(3S.4S)-3-{N-ben2yloxycarbony|.p-(2-pyridyl)-L-alanyl}.amino-4 - 
acetoxy-azetidin>2-one; 

(3S.4S)-3-{N-ben2yloxycarbonyl-p-(2-thienyl)-DL-alanyl}-amino-4- 
acetoxy-azetidin-2-one; 

(3S,4S)-3-{N-ben2yloxycarbonyl-p-(2-naphthyl)-L-alanyl}-amino-4- 
acetoxy-azetidin-2-one; 

(3S.4S)-3-{N-ben2yloxycart)onyl-p-(3-fluorophenyl)-L-alanyl}-amino-4- 
acetoxy-a2etidin-2-one; 

(3S,4S)-3-{N-ben2yloxycarbonyl-P-(4-methoxyphenyl)-L-alanyl}-amino- 
4-acetoxy-a2etidin-2-one; 

(3S.4S)-3-{N-ben2yloxycarbonyl-3-(2-naphthyl)-L-alanyl}-amino-4- 
phenoxy-a2etklin-2-one: 

(3S.4S)-3-{N-ben2yloxycarbonyl-3-(2-naphthyl)-L-alanyl}-amino-4-(3- 
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methyl phenoxy)-azetidin-2-one; 

(3S,4R)-3-(N-benzyloxycarbonyl-P-(2-naphthyl)-L-alanyl}-amino-4-(3- 

methyl phenoxy)-a2etidin-2-one; 

(3S,4S)-3-{N-ben2yloxycarbonyl-P-(2-naphthyl)-L-alanyl}-amino-4-(2- 

naphthoxy)-azetidin-2-one; 

(3S,4R)-3^N-ben2yloxycailDonyl-P-(2-naphthyl)-L-alanyl}-aminc^ 

naphthoxy)-azetidin-2-one; 

(3S.4S)-3-{N-benzyloxycarbonyl-(}-(2-naphthyl)-L-alanyl}-amino-4-{3- 

{morpholin-4-yl)-phenoxy}-azetldin-2-one; 

(3S,4R)-3-{N-benzyloxycarbonyl-p-(2-naphlhyl)-L-alanyl}-amino-4-{3- 

(morpholin-4-yl)-phenoxy}-a2etidin-2-one: 

(3S,4SR)-3-(N-(3i3henylpropionoyl)-p-(2-naphthyl)-L-alanyl}-amino-4- 

phenylthio-azetidin-2-one; 

(3S.4SR^3^N-(3-phenylpropionoyl)-(3-(2Hr^aphthyi)-L-alanyl}-amino-4- 

phenylsulphonyl-azetidin-2-one; 

(3S,4SR)-3-[N-(3i)henylpropionoyI)-P-(2-naphthyl)-L-alanyl}-amino-4- 

(2-hydroxy ethyl thlo)-azetidin-2-one; 

(3S,4SR)"3-[N-(3-phenylpropionoyl)-Pr{2-naphthyl)-L-a!anyI}-amino-4- 

benzyloxy-azetidin-2-one; 

(3S,4SR)-3-{N-(3i3henylpropionoyl)-P-(2-naphthyl)-L-alanyl}-amino-4- 

cyclohexyloxy-azetidin-2-one; 

(3S,4S)-3-{N-(trans-2-phenyl-eth-1-enesulfbnyl)-p-(2-naphthyl)- 

L-alanyl}-amino-4-acetoxy-azetidin-2-one; 

(3S.4SR)-3-{N-(3-phenylpropionoyl)-P-(2-naphthyl)-L-alanyl}- 
amino-4-{4-{2S-2-amino-2-carboxyethyl)-phenoxy}-azetidin-2-one; 

(3S,4S)-3-{N-(benzylamlnc)carbonyl)-P-(2-naphthyl)-L-alan^ 

acetoxy-azetidin-2-one; 

(3S.4SR)-3-{N-(benzylaminocarbonyl)-p-(2-naphthyl)-L-alanyl}- 

amino-4-[4-(2S-2-amino-2-carboxyethyl)-phenoxy}-azetidin-2-one; 

(3S.4S)-3-(N-(3-phenylpropionoyl)-L-citrullinyl}-amino-4- 

acetoxy*azetidin-2^ne; 

(3S,4S)-3-{N-(2-phenyl-eth-1-en-sulphonyl)-p-(2-naphthyl)-L-alanyl}- 
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amino-4-acetoxy-azetidin-2-one; 

{3S.4S)-3-{N°-(3-phenylpropionyl)-N^-nitro-L-arginyl}- 
amino-4-acetoxy-azetidin-2-one; 

(3S,4R)-3-(2S-2-benzyloxycarbonylamino-2-t-butyloxymethyl • 
> acetannldo)-4-phenoxy-azetidin-2-one; 

(3S.4R)-3-l2S-2-benzyloxycarbQnylamino-2-(1-t-butyloxyethyl)- 
acetamidol-4-phenoxy-a2etidin-2-one; 

(3S, 4S)-3-(2S-2-benzyloxycarbonylamino-2-t-butylmethyl-acetamido)- 
4-phenoxy-a2etidin-2-one; 

(3S.4S)-342S-2-(3-phenylpropionoyl)amino-244>utylmethyl^ 
4-phenoxy-a2etidin-2-one; 

(3S.4S)-3-I2S-2-{3-phenylpropionoyl)annino-2-t-butyl-acetamido]-4- 
phenoxy-azeti din-2-one; 

(3S.4S)-3-[2S-2-{3-phenylpropionoyl) amino-2-(3, 4-dimethoxyphenyl) 
methyl- acetamido]-4-phenoxy-a2etidin-2-one; 

(3S.4S)-3-I2S-3-phenylpropionoyl) amino-2-{3,4- 
ethylenedioxyphenylmethyl)-acetamidol-4-phenoxy-a2etidin-2-one; 

(3S, 4S)-3^2S-2-benzytoxycarbonylamino-2-(3-benzothienylmethyl)- 
acetamido]-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-benzyloxycarbonylamino-2-(4,4'-biphenylmethyl)- 
acetamidol-4-phenoxy-azetidin-2-one; 

(3S. 4S)-342S-2-benzyloxycarbonylamino-2-(2--chloro-phenylmethyl)- 
acetamido)-4-phenoxy-azetidin-2-one; 

(3S, 4S)-3^2S-2-benzyloxycarbonylamino-2-(4-chloro-phenylmethyl)- 
acetamidoJ-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-ben2yloxycarbonylamino-2-(3,4-dichloro - 
phenylmethyl)-acetamido]-4-phenoxy-azetidin-2-one; 

(3S,4S)-342S-2-ben2yloxycarbonylamino-2-(diphenylmethyl) - 
acetamido]-4-phenoxy-a2etidin-2-one; 

(3S, 4S)-3-I2S-2-benzyloxycarbonylamino-2-(2-fluoro-phenylmethyl)- 
acetamido]-4-phenoxy-azetidin-2-one; 

(3S. 4S)-3-(2S-2-benzyloxycarbonylamino-2-{4-fluoro-phenylmethyl)- 
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acetamiclo]-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-I2S-2-benzyloxycarbonylamino-2-(3,4-difluoro - 
phenylmethyl)-acetamido]-4-phenoxy-azetjdln-2-one; 

(3S,4S)-3-[2S-2-benzyloxycarbonylamino-2-(4-iodo-phenylmethyl)- 
acetamido]-4-phenoxy-a2etidin-2-one; 

(3S,4S)-3-[2S-2-benzyloxycarbonylamino-2-(naphth-1 -y l)methyl - 
acetamido]-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-ben2yloxycarbonylamino-2-(4-nitro-phenylmethyl)- 
aoetamido]-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-benzyloxycarbonylamino-2-(pentafluorophenyl - 
methyl)-acetamido]-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-benzyloxycarbonylamino-2-(4-thiazolylmethyl)- 
acetamido]-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-I2S-2-benzyloxycarbonylamino-2-(3-trifluoromethylphenyl- 
methyl)-acetamidoJ-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-benzyloxycarbonylamino-2-(3-sulfamoylniethyl) - 

acetamidoH-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-(3-phenylpropionoyl) amino-2-(3.4- 
methylenedioxyphenylmethyl)-acetamido]-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-[2S-2-(3-phenylpropionoyl) amino-2-(3,4- 
diisopropyloxyphenylmethyl)-acelamidoJ-4-phenoxy-azetidin-2-one; 

(3S,4S)-3-{2S-2-benzyloxycarbonylamino-2-butyl-acetamido]-4- 
phenoxy-azetidirv2-one; and 

(3S,4S)-3-{2S-2-benzyloxycarbonylamino-2-propyl-acetamido]-4 - 
phenoxy-azetidin-2-one, 
and salts thereof. 
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